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Ȳŭ  
aZ'ȃȻČȐ=ȖȶɂǔȜǤúňǶ&68ƋȿʣhqJdɢɵ&68ɬǪ
9ʊ»=őʢ«ĪȒ'ʊ»ȖÖ'ȜǤúňǶ#ǚĿ'ȕȶXOZ=
ȼɴʣʛǣǃɬǪ"şǥ:9ʊ&ę9ňǶ(ǣǃɬǪ'3'&ƞ-ś
īžō&zʣ'śīz(ʢȖÖ'ĿÏ&¹ǄʢȕȶXOZ"
ČȐǣɁ:#
7ʢČȐÈƇ=ÕŲ9ǧȁǇǆČǖřƐ#ȑ7:ʣ
ʔòČȐƃ"(ƵòČȐƃ683Ůſ&ČȐÈƇƋ¹:ʢhHs%ʊ»
Ǝɡ'ČȐ
7iHs%Ǝɡ,#ČȐ(ɣȩʢþ'ʊ»'ÝŴȖÖ&	!
(ʢÔŪ&Ʀō=ß968xŪ&'1Ʀō=ßŪÔŪ'ČȐÈƇʛ0
9#ȹʣ  
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1. ıŧ  
1. 1. ČȐ&ɺ9ʐ÷ïžŊ#ʐ÷xȤŊ  
      Ȝ(ĀǍ&ɫň-ČȐ9MOXj"9ʣČȐ&(Ə	%rfq9
ʢƾ&ȺɃ4ʊƍǵʢʛƕƎɡ=3ĀǍ
7'Âƶ=Œ	($'6&ČȐ!
9';
ʦŒ	ĀðɃ=Č+ʁ(ʢŧƤ4ÐɃ%$'ǟɌ=ǻ!Č+
#"9ʣ
ʢį²ƝɃ=ČȐ9úÜʢǻǖǟɌ%&ʊ'û
7
ÐɃ4ƎŧƎɡ=ŗ¹ǆȹ%:)%7%ʣČȐʐ÷ïž'ǟɌƺ!3ũ
ȴ'Ōùǻ=ČȐ9#¹Ƅ9'(%%'
ʦ    
     aZ'ČȐkF\Pj&ɺ9ǡǯ&	!ʢȺɃ4ʊƍǵ759SAe'
ČȐ(::ɪkF\Pj"Č):9'
ʢÝkF\Pj"Č):9'
#
èʓ9ʣÄȒ=ʐ÷ïžŊʢĿȒ=ʐ÷xȤŊ#ʣʐ÷ïžŊ#(ʢ:
:'ɁǟƓȘ(ƾď'Ɇʓ=¸ǆ92&8ʢǀǲkF\Pj&6!Ʌ
ů:9#9ȑŪ"9ʣʐ÷ïžŊ&ɺ!(ʢChomsky ǔȫȡƻȺ
ɃŧƤ'ĽʌĂ#ŉ<:9[1]ʣ:(ʢȺɃ&(ȺɃƾž'Ŷɦǖ%ŧƤ
8ʢŒ	('ŶɦŧƤ&ø !ČȐ!9#3'"9ʣ0ʢȺɃ'
ʊǹ4Ɲʊ'FXKpwËǵ3ȺɃ&	9ʐ÷ïžǖ%Ȳǽ#9ʣJackendoff
7(ʢʊƍ3ʐ÷ïž'ƾŊʠɇŊʢcVUHoOʡ&68ČȐ:9#Ĺ!
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9[2]ʣxŪʢʐ÷xȤŊ#(ʢ´!'ČȐ(µɟ'kF\Pj&6!Ʌů:9
#9ȑŪ"9[3-5]ʣʐ÷xȤǖ%ČȐkF\Pj'x#!ʢȺɃ4ʊƍǵ
'ʊǻ»(ʢȃȻČȐ#xȤǖ%kF\Pj&6!ČȐ:9#ǧȁǇǆ
Čǖœȳ
73ǥç:!9[6-8]ʣ 
   ±ȩǡǯ&	!ʢʐ÷ïžŊ#ʐ÷xȤŊ&ɺ<9ʀĢǖ%ČȐkF\Pj
ǥç:!9[3, 9, 10]. 0ʢČȐ'¼ſ'ƛʀ"(759Ōù&ę!ʐ÷
xȤǖ%ȃȻČȐȩ<:ʢ'ƕ'ƛʀ"ȺɃ'ʊǹ4ʊƍ'ɇŊ%$&ǛĻ9
ʐ÷ïžǖ%ǟɌČ):9#3'"9ʣ±ȩǡǯ&69#ʢį²(ʢǇĿ
ŦuŽ0"(ʐ÷xȤǖ%ȃȻČȐ&6!ȺɃŌù=¸ǆʢƝɃǂł'ȠǍſ=
ü&ʢŧƤ4ʊǹ'FXKpwËɣ1ʢƝɃ&ïž%Ȳǽ'ČȐ&Ǫȩ!#
ùá:!9[11]ʣSaffran7(ʢǇĿ 8uŽ'į²Ƀʊ»=ȃȻČȐ9#
=ȩÉĐʘ&68ů7
&[12]ʣ'xŪʢȠǍſ=ɧʢʐ÷ïžǖ%ČȐɧ
ǫ&Ǫȩ#ŉ<:9ő"!3ʢũĄŌù&ę!(ȃȻČȐ=ȩ!9
#'ùá39[13, 14]ʣ  
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1. 2. ČȐ&ɺ9ƵòŊ#ʔòŊ  
1. 2. 1. ƵòǟɌ#ʔòǟɌ  
   aZ'Ōù¸ǆ&	9ŷʞǖ%ƾŊ&!(ʢÄ
7ƵòǟɌ#ä
):9ǟɌ'ƺōɌǖ%kF\Pj&Ă%ɺŅĕ7:!9[15]ʣ:(ʢ
Œ	ɟĪōɌØȘ%ʔòǟɌ#(Ì¾:93'"9[16-18]ʣ±ȩǡǯ&6
9#ʢƵòǟɌ#(ǟɌ'ċòȒ&6!ĐyǣɁ:9&3ɺ<7ʢ
ČȐȒƁ&(ȡȶ%ʢǟɌ'¶Ĕ=ȺɃË9#¹Ƅ%3'"9
[10, 15, 19]ʣ0ʢʔòǟɌ(ĒȺǖǟɌʢƵòǟɌ(ŔȆǟɌ#!ȍ 
7:9#ùá:!9[10, 19-23]ʣȜƓȘǐŋ&	9ȼŐʂē'ǡǯ&69
#ʢăɃǒʠaphasiaʡ4`wGtRtǑ"(ʢƾ&ƵòǟɌ&ʂē=×ʢ«Ň
ǒʠamnesiaʡ4?qW^AhwöɁǟǒʢB@p?jPǒ¨Ȏ"(ʢʔòǟɌ&
ʂē=×9%$ʢǐŋ&68ȼŐʂē'SAeǏ%9#ùá:!9
[20-22, 24]ʣ:7'#
7ʢƵòǟɌ#ʔòǟɌ' dichotomyǥç:9ʣ 
   0ʢČȐ#ǟɌ'ɺ£Ŋ&ɺ9ùá39ʣ:(Ăº! 2 '
Ĺ8ʢ1(ʢƵòǟɌ#ʔòǟɌ(´¾'ČȐŪƤ"ǂł:ʢʔòǟɌ
ƵòǟɌ&ÿË9#(%#Ĺʠnon-interface position [17, 31]ʡ"9ʣ
3xŪ(ʢ::'ǟɌ(	&ɺ<8Ü%7ČȐ:ʢʔòǟɌ
7Ƶ
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òǟɌ,ʢ0(ƵòǟɌ
7ʔòǟɌ,#ÿËł9#Ĺʠinterface position 
[10, 19, 23, 25]ʡ"9ʣǂł:9ǟɌƵòǖ
ʔòǖ
(ʢČȐŪƤ& ċ
%##=ǥç!9ʣ 
 
1. 2. 2. ƵòČȐ#ʔòČȐ  
   ČȐęɎ&ß7:9Ʀō'ɪ&6!ʢ9Ōù&!ůǥǖ%ō
Ɍ=!ČȐ:9ʔòČȐ#ʢůǥǖ%ōɌ=<&ČȐ:9ƵòČȐ
' 2&º7:9ʣ
ʢā'±ȩǡǯ"ùá:!96&ČȐŴ'
ōɌrfq=đȷǖ&ɀ¡9&(Ǻĳ&ɼǍ8ʢǟɌ&ƞ-9#ČȐ(Ƶ
òŊ#ʔòŊ'üǍȈ{ůǝ"9[10, 19, 23, 25]ʣSchmidt(ʢ%>7
'Âƶ
=×Ĕ!9#Ơʠnoticeʡ(ƵòČȐ#ʔòČȐ'$7&	!
3ņȲ{ØƔ%3'"8ʢĎ´&ƺōɌ%ƵòČȐ(ċò%#Ĺ[26, 
27]ʣ7&ʢƵòČȐ#(ČȐ&Ö8Ȁ>"9ȡȶ'kSɁǟʠmetacognitionʡ
%ČȐ"9#Ĺ!9ʣ2 'ČȐkF\Pj'ɹ&(ǧȁƨÉ&ɪ
9#4[22, 28]ʢʔòČȐ(ǠſȼŐǖ%ČȐʢƵòČȐ(ɶſȼŐǖ%Č
Ȑ&ß!9#'ùá3%:!9[10]. 
   aZ(ʊƍ4ȺɃ%$&à0:9ȃȻǖǟɌ=Ƶòǖ&ŗ¹"9#
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ǥç:!9[29]ʣ±ȩǡǯ&69#ʢǴxȺɃ=Ƶòǖ%ȃȻČȐ&6
!Č+ĉ(ʢǴȺɃ=ʔòČȐ&6!Č+ő68ʢČȐɠĳ(ɥż
ǿǖ%ČȐÀɩĳ(ʛ#Ⱥ<:!9[25, 30]ʣȺɃ4ʊƍ&	!(ʢƵòČ
Ȑ&6!ǂł:9ǟɌɲ(ƞɘǖā#'ùá39[31, 32]ʣ0ʢŬĪǇ
ƨ&	!ʢ9xŴƸ" 1'Ōù&ęň!:)6#ƿƣ(Ğ
%ʢā'úÜ(ȯŦ'Ōù=ÝŴ&¸ǆ%:)%7%ʣ
ʢ:
7'Ōù&´!Ʀō=ß!¸ǆ!'({ØȘ#ȑ7:9ʣƵòǖ&ȩ
<:9ȃȻČȐkF\Pj(ʢČȐ¶Ĕ&ɺ<7ʐ÷xȤǖ&ȩ<:ʢ!
ŌùǦ&ʎň!Ǉ!ƹ&ņʏ'kF\Pj"9#ȑ7:9ʣ  
 
1. 3. ȃȻČȐ#hqJdlYq  
   :0"'ȃȻČȐ&ɺ9ǡǯ&ʢÐɃºʄɆʓ=ǈ3'9[14]ʣ
:(ʢ3 'ʊʋ
7%9ƺōãÐɃ=otTj&-ʊ»=ȭʘȒ&şǥʢ
ʊ » 
 7 Ð Ƀ  ŗ ¹  : 9 ɧ ǫ = ɇ - 9 ǡ ǯ Ŕ Ƥ "  8 ʢ Ȝ ƥ
ʠelectroencephalography; EEGʡ[7]4ȜǤîʠmagnetoencephalography; MEGʡ[8]&6
!3'ČȐÈƇǣɁ:!9ʣ 
   xŪʢȺɃČȐ4ʊƍɁǟ[33-36]ʢȃȻČȐ[6]%$Ə	%ǡǯºɱ&	!ʢ
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ȺɃ4ʊƍ'ĤŧƤlYq#!ʢhqJdɧǫǈ7:!9ʣhqJdɧǫ
#( Andrey Markovʠ1906, reprinted in [37]ʡ&%>"Þ7:ɬǪǣǃlYq
"8ʢǄò'ƿŏɧÒN§'ƿŏģƙ& ċ!Ƣ09ǣǃɧǫ'#"9ʣ
ÐɃºʄɆʓ"ǈ7:9ʊ»3hqJdɢɵ#!ȼɜØȘ"(9ʢʊ»
7
ÐɃ=ŗ¹9ɧǫ&ǜȍ
:!9Ƹ"ȺɃČȐ&ƾËɆʓ"9#
9ʣ68Ŷɦǖ%hqJdɢɵ&ø ʊ»=Âƶ#!ǈ9#&68ʢʊƍ
4ȺɃ=Êàʢ68ʐ÷xȤǖ%ȃȻČȐkF\Pj=Ƌȿ9#"9
#ȑ9ʣƁǡǯ"(ʢŦÎºɹ'ȖÖ"ǧȁǇǆČǖřƐ&68ČȐÈƇƋ¹Ø
Ș#%9ʊ»ʛƕƎɡ#!ʢ­Đʘ&68ɰhqJdɢɵɫĻ"9#'½
Ũ&ø ʢƁǭ"ȼɜ9-!'Đʘ&	!ʢɰhqJdɢɵ&68Âƶʊ
»=ƎɡËʣ 
 
1. 4. ȖȶĜɖ  
   Āɭ
7'ʊ(ǰƠśÉ#!ʢȔʢĀȔĊʠĀȔɨʡ=ɟ8ʢʟȞ,#
7:9ʣ!ʟȞ#Ȋ!9Ȕ'Ȕĝʙ=śÉʢǰƠśÉ(ʙśÉ,
#ÿŠ:9ʣʙśÉ(7&¶Ȕ'ȧƼǸ&9øĲȞ,#7:ʢøĲȞy&
+žƟŎȶǾȗ&ɩ:ʆƠ¥Ú,#ÿŠ:9ʠFigure 1ʡʣƾď'ʛ'ʊ
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(ƾď'žƟŎȶǾȗ=ÂƶʢȧƼǧȁ,#7:9ʣʆƠ¥Ú(ƒ#ĵʚ'ü
Ǚ&9ȧƼǧȁƉ"ȅ:ʢǹĿȈȇ(Ó!ę¬'Ā¬Ɵĩ,<8ʢȜ
'z}ʢȵİ'¶¬θƿǵ=ȁǉ!ĂȜǗɑ'Ȗȶɱ,ɩ:9ʠFigure 1ʡʣ
ɻ'ȖǗɑƨÉ&68Ǉ9ȜǤú&ɺ!(Ŀɜ9ʣ 
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Figure 1. ȖȶĜɖ 
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1. 5. MEG 
1. 5. 1. MEG#(  
   ŎȶŌù'³Å&68ʢȜ'ǧȁǾȗ"ʆƠǖ%ƨÉǔǇ9ʣ'ʆƠǖ
ƨÉ&68AEtʆƩƩ:9#ʢ'âí&Ù]N'ƤÃ&Łß&ȜǤú
Ǉő:9ʣĈɑ'ɞǤǃ=!!ʢʆƩÔƌĉ'ɶ= dlʢ'ʆƩ©= I #9#ʢ
ʆƩƲ
7ȸĳɸɔʄ rʄ:úœ&	9ǤƂĖĳ'© dB(ʢz'bEv
L_wq'Ķ"ȫ:9ʣ 
!" =  !!!"#4!!! sinθ 
   ʆƩÔƌĉ'ɶ dl#'ʆƩ© I'Ǯ=ʆƩÔƌĉ'lwktZʠQʡ#ä
+ʠQ=IdlʡʣMEG"ơ27:9ʆƲ&ɺ9`okwS(ʢɔʄ rʥȸĳ θʠʆƲ
ȍʡ# Q sinθʠʆƲĺĳ'Ǥúĕ|ºʡ"9ʣȜǤú( 10-14ʧ10-11 TʠXOoʡǫ
ĳ"ʢɮħʃʊ4óǤƠ'Ǽ 1 ¯º' 1#ʈĪ&ńĸ%¥Ú"8ʢʛŎĳǤƠQ
tL"9ɓĜɲĉĬƮǽĉʠsuperconducting quantum interference device; SQUIDʡ
=ǈ!ʑǗy
7ȻƱ=ȩʣ'ȜǤú¥Ú4ȜǤú=ȼɴ9ŔƤ=MEG#
ä+ʣ 
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1. 5. 2. ȜǤú'ǔǇƓı  
   ǧȁǾȗ'ʆƠƨÉ&(ʢƨÉʆʠAction Potential; APʡʢȣąŊM[eOĿ
ʆʠExcitatory Post-Synaptic Potential; EPSPʡʢŖÁŊM[eOĿʆʠInhibitory 
Post-Synaptic Potential; IPSPʡʢĿɧºƌʆʠafterhyperpolarization; AHPʡ' 4Ś
7:9ʣȜǤú(Ȝƥʠelectroencephalography; EEGʡ#ÝƏʢĂȜǗɑ'ǧȁǾȗ
'ƑƿǱɒ&Ǉ9 EPSPȲ%ǔǇƲ#ȑ7:!9ʣǧȁǾȗ'ʆƠƨÉ"
(ʢǾȗĀ
7Ǿȗ¶,#Ǿȗ¶ʆƩʠxƕʆƩʡǇ9ʢÝŴ&Ǿȗ¶
7Ǿ
ȗĀ,#ɝß&ǾȗĀʆƩʠƕʆƩʢ0(ǮʆƩʡǇ9ʣEEG "(ʢ
'ǾȗĀʆƩ=ȻƱ!9#ȑ7:!9ʢMEG "(ǾȗĀʆƩ'9Ǥ
ú&ǛƜ:!02Ǿȗ¶ʆƩ=ÕŲ!9#ȑ7:!9ʣ 
   ǧȁǾȗ¶(ɟĪ K+'ƷĳʛǾȗĀ,Ʃ¹92ʢʇƖȞʆ(-60
-80 mV#hA[O&ĩʆ!9ʣǾȗ'ȣą&68 NaɸʢǾȗĀ&
9 Na+Ǿȗ¶,#Ʃ³ʢȞʆɿŊ,#ÿË9ʣAP (ʍƸʆ+30 mV 
38ʇƖȞʆ#'ĦĂʢ1 msecĿ&( NaUm]qɷ92ʢāŦ
'ǧȁǾȗƨÉ!3ÝſƨÉ#%8&ʢEEG4MEG'ȻƱ&(08
ɐǁ%#<:!9ʣxŪʢEPSP (ʇƖȞʆ
7ĂɿŊ&ś:ʆ
 10 ms yŘȆ92ʢā'ǧȁǾȗ' EPSP Ýſ!Ǉ9#ʢEEG 4
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MEG&68ȼɴ:9¥ÚƲ#%9ʣ:&ęʢIPSP (ĭȪʆ-75ʧ-100 mV 
#ʇƖȞʆ#'ĦĝʢEEG 4 MEG ,'ĕ|(ʈĪ&ĝʣAHP 3ʇƖ
Ȟʆ#'ĦĝʢEEG4MEG¥Ú,'ɐǁ(Ğ%ʣ!ʢMEG 
ȻƱ"9Ǥú(ʢ#! EPSP &Ǿȗ¶ʆƩ&ɒë9#ȑ7:!9ʣ 
   Ȝ¶'ȣąŊ'ǧȁǾȗ(ʢɳǾȗ#žƊűƿǾȗ#&º7:9ʣɳǾ
ȗ'ğƑƿǱɒ(ʢǗɑȫʉ&õǚ%Ūß&ɯ»!92ʢ'=Ʃ:9Ǿȗ
¶ʆƩ'Ūß(xȢ9#"Ɨɏxę'TAgwq=ļőʢâí&ǤúǔǇ
9ʣűƿǾȗ(ʢŤěƿ&ǧȁȉȇ=)!	8ʢƑƿǱɒ&Ʃ:9Ǿȗ¶ʆƩ(
&ǛƜ:âí&Ǥúļő:&ʣȵİʢøĲƉʢȜĮʢǕɑ'ǧȁǾȗ
(ʢƚ$űƿǾȗ"Ǝő:ʆƩÔƌĉļő:&2MEG"ȻƱ9
#("%ʣ0ʢbEvL_wq'Ķ"ȫ:96&ʢǤú(ɔʄ' 2&Õ
ƞ!ƯȬ92ʢȜƬɭ'ǧȁƨÉ=MEG"ȻƱ9#(ìʅ"9ʣ
7&ʢʑɭ=ôxĜǅ"ď9#ʢȜƴ'ƑƿǱɒ(ʑǗ&ę!ŝȈŪß&
>"92ʑǗy&Ǥú=9ʢȜê'ƑƿǱɒ(ʑǗ&ę!ƤȈŪß&>
"92ʢʑǗy&Ǥú=7%ʣ6!ʢMEG (#!ĂȜǗɑȫĢ&
9Ȝƴ'ǧȁƨÉ=Ƌ¹!9#ȑ7:!9ʠFigure 2ʡʣ 
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Figure 2ʠ[38]xɭŢʡ. Ȝƴ'ǧȁƨÉ&69ʆƩ#Ȝê'ǧȁƨÉ&69ʆƩ&6
!Ǝő:9ǤúʣȜƴ'ƑƿǱɒ(ʑǗ&ę!ŝȈŪß&>"92ʑǗ
y&Ǥú=9ʢȜê'ƑƿǱɒ(ʑǗ&ę!ƤȈŪß&>"92ʢʑǗ
y&Ǥú=7%ʣ 
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1. 5. 3. ȃȻČȐ'řƐ#!'ȖȶɂǔǤúňǶ  
   ʊÂƶ&6!ɂǔ:9ȜǤúňǶ=ȖȶɂǔȜǤúňǶʠAuditory Evoked 
Field; AEFʡ#ʣAEF'ʢʊÂƶşǥĿǼ 50ms&17:9ɿŊʆ'ȜǤ
úňǶ( P1mʢ100ms Ŀ&17:9ɾŊʆ'ȜǤúňǶ( N1mʢ200ms Ŀ&17
:9ɿŊʆ'ȜǤúňǶ( P2m #ä):!9ʣ0ʢȜǤúňǶ'śī(ɂǔ
ňǶ=37\nwstý9#ýĂ9ʣȖȶňǶ&	9xȤǖ%#!
(ʢʊñ'ýÆ&ęň! N1śīýÆ9#4ʢũĄÂƶ&ę! N1śī
ýÆ9ʣxŪʢ'6%ʊÂƶ"!3ʢĳ3ÕŃ!şǥ:)ʖËÈƇ
&68śīƯȬ9#%$ǟ7:!9ʣ 
   ũĄÂƶ&ę9ĂȜ'ʆƠǇǆČǖ%ňǶƾŊ=ÕŲ!9őº'ȫ
ǖ%3'#!ʢiOhVUɾŊʆʠmismatch negativity: MMNʡ9ʣMMN#
(ʢʊ»'ũĄÂƶ&!ʢÂƶĿ 100250 ms&ɾŊ'ʍƸ=ŘɎɺɢʆ
ʠevent-related potentials: ERPʡ'x"9[39, 40]ʣMMNǇő'øǘ#%9ǧȁ
kF\Pj&ɺ! 2'Ʌ9ʣxǙ(ʢȼŐǓɕ#'ƞɘ&68ÿË=Ƌ
¹9esQO=ÕŲ!9#3'"9ʣ:(ʢơŅŊǧȁ'§Ȏ=
&ÕŲ9#<:!9N1ňǶ#(ƓȘǖ&3ǰɹǖ&3ɪ3'#ȑ7:9
[41, 42]ʣ3xŪ'Ʌ(ʢũĄÂƶ#ƐƳÂƶ&ę9 N1ňǶ'ʖËÈƇ'ɪ
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&6!Ǉ9#3'"9[43]ʣƐƳÂƶ&ę9 N1 ňǶ'śī(ʢÕŃÂ
ƶ&!ȖǗɑ\nwst'ʖË&68ŀ	&ƯȬ!xŪʢũĄÂƶ&ę
9 N1ňǶ'śī('ʖËÈƇ&ę!ȓŊ9ʣ'ȂƇʢMMN'6%Ħ
őºǔǇ9#3'"9ʣy&ɜ-6&ʢMMNǇő'øǘ#%9ǧ
ȁkF\Pj(ƀů7
&%!%ʣ 
   ʛʒĳ'ƐƳÂƶ'&ʒĳ"ɤțÂƶ=şǥ9Âƶǻ»=ǈǡǯ
&	!ʢȺɃ4ʊƍɁǟ&ɺ<9 ERPāùá:!9ʣ) N400(ʢŧ
ǳ'ŧș
7ɤțÐɃÂƶ&ę!ÂƶĿǼ 400 ms&ʍƸ=ŘɾŊ' ERP#
!ùá:!9[44]ʣearly left anterior negativityʠELANʡ(ʢɄƎŧ'Âƶ
&ę!ÂƶĿ 150250 ms&ʍƸ=ŘĥÏǅ°'ɾŊ ERP"ʢŮſƎŧ¸ǆ
&ÕŲ9#<:!9[45]ʣ0ʢELAN(ȭʘȒ'Âƶ&ę9Ʀō&ɺ<7
Ƌ¹:9#ùá:!9[46]ʣxŪʢÂƶĿ 600ms ɚ&Ǉ9ɿŊ ERP "
9 P600(ʢĿſƎŧ¸ǆ=ÕŲ!9#<:!9[47]ʣ 
   ʊƍ'Ɂǟ&	!3ʢÝƏ'ERPƋ¹:9#ùá:!9ʣN400(ʢ
åʊ»'ɤțǿƖļ&!ʢÂƶĿǼ 400 ms&ʍƸ=Ř ERP"9[48]ʣ
0ʢearly right anterior negativityʠERANʡ(ʢåʊ»'ɤțåʊ&ę! ELAN
#ÝƏ%ƵŴ&ʍƸ=ŘÙÏǅ°' ERP "ʢʊƍ&	9ŮſƎŧ¸ǆ&ÕŲ
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9#<:!9[49, 50]ʣź&ʢåʊ»'ɤțåʊ=ÕŃ!şǥ!3 ERAN
'Ă&(Ľʌ%#ùá:!9#
7[51]ʢERAN(Ǡſǖ%ČȐ&ø
 őº"(%#ǥç:!9ʣxŪʢ±ȩǡǯ&69#ʢȱƧʊƍǆɉ&
ø ƃǣǃ ERAN&ÕŲ:9#ùá!9[50]ʣʊƍ&ɺ9ɶſ
ȼŐ(ƁƄʢȃȻČȐ&6!ǂł:!9ØȘŊ3ȑ7:9ʣ 
   ±ȩǡǯ&69#ʢELAN4 ERANǵ' early anterior negativityʠEANʡ#MMN
#(xɭǧȁøǘ=µǈ93''ʢǏ%9ɭº9#<:!9[52]ʣMMN
(Ǡſǖ%¹Ǆǣǃ& ċ9'"ǠſȼŐ&ɺ<9#ȑ7:9ʢEAN "(ū
&ǂłƭ1'ǟɌ& ċ9'"ɶſȼŐ&ɺ<9#ȑ7:9ʣƎŧƎɡ=3ʊ
»'ČȐ¼ſƛʀ"(ʢČȐÈƇ(ǠſȼŐ'ÄƦō¸ǆ&68 P1 4 N1 ǵ'Ůſ
őº&ÕŲ9#ȑ7:9ʣ±ȩǡǯ"(ʢȺɃvʈȺɃʊ»'ǠſǖȃȻČȐ&
6!ʢČȐÈƇ P1[8]4 N1[6, 7]&ÕŲ9#=ȿůʣʛǣǃ"ɬǪ9
ʊÂƶ&ę9ňǶ(ʢǣǃ"ɬǪ9ʊ&ę9ňǶ#ƞ-!śīz9ʣ
ź&ʢɶſ&ư!ČȐ#p^wLq=Ȍ8ɛ#&6!Ǡſǖ%ȃȻǟɌɶ
ſȼŐ&ÿŠ:9#ʢČȐÈƇ(Ůſőº"9 P1ʢN1ʢMMN 683ʢĿſő
º"9 EAN 4 N400 ǵ&ÕŲ:9'
3:%ʣÄɜ6&ʢ:0"
ùá:!ȺɃ4ʊƍɁǟ&ȫǖ% ERP #! EANʢN400ʢN600 ǵ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Ś7:9ʢ:7(ū&ǂłƭ1'ǟɌ&ÕŲ93'"8ʢɶſȼŐ=øǘ
#!9#ȑ7:9ʣxŪʢȺɃǟɌ'%į²(ʊ»ȖÖȁʘ
7ÐɃ4Ǝ
ŧƎɡ=ŗ¹9ʣÄǟɌƺ!3ũȴ'Ōùǻ=ČȐ9#¹Ƅ9'(
%%'
=ů7
&9ƹ&ʢƁǡǯ"(EpN[q'ĤŧƤ=ǈ9#"ʢ
ÄǟɌ'ƺő'Ǡſǖ%ʊ»ČȐʢ$'6& ERFʠEvent-related Fields; ERP
&ęň9Ǥúőºʡ&ÕŲ:!'
=ɇ-9##ʣ 
   ÐɃºʄɆʓ=ǈȃȻČȐ&ɺ9±ȩǡǯ&	!ʢʛǣǃ"ɬǪ
ʊ&ƞ-!ǣǃ"ɬǪʊ&ę9 P1 4 N1 ňǶ'cwHśīžō&ʛ%
9#ů7
&:!9[7, 8]ʣʊ»'ȃȻČȐɣ2)ʢ±ȩʊ
7ĿȆʊ=
Ʊ9#ØȘ#%9ʣ:&ʢʛǣǃ"ɬǪ9ƱŰĿȆʊ'Ȗȶ
ɂǔňǶ'śī(ƯĞʢÕę&ǣǃ"ɬǪ9Ʊ&ĿȆʊ'Ȗȶɂǔň
Ƕ(ýĂ9[6-8]ʣź&ʢʛǣǃ"ɬǪ9ʊ(ǣǃ"ɬǪ9ʊ&ƞ-!Ȗȶɂ
ǔňǶ'ƵŴǠ%9#ǥç:!9[7]ʣxŪʢÕŃÂƶ&ȖǗɑ\
nwst'ʖË&68ʢȖȶɂǔňǶ'śī(´#!ƯĞ9[53, 54]ʣ08
ČȐȒȃȻČȐ!9ʁ'ȖȶɂǔňǶ'śī#ƵŴ&(ʢȃȻČȐÈƇ#ÕŃ
Âƶ&69ʖËÈƇ'~ŪÕŲ:!9#ȑ7:9ʣ  
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1. 5. 4. 'ȜƓȘȻƱƓé#'ƞɘ#Ɓǡǯ" MEG=ǈ9ōȏ  
   aZ'ȜƓȘȻƱƓé&(ʢMEG'& EEGʢɿʆĉŤěŨĢšĽƤʠPETʤ
Positron Emission TomographyʡʢƓȘǖƉǤƠµʜǌ®ƤʠfMRIʤfunctional Magnetic 
Resonance Imagingʡǵ9ʣPET4 fMRI(Ȝ¶'ǧȁƨÉ&ɋ4ȨƩ'ÿ
Ë=ȻƱʢǌ®Ë9ŔƤ"9ʣfMRI( EEG4MEG#ƞ-!ŴɹºȹȘÇ
9ǰƪºȹȘ(ʛʣ
ʢPET4 fMRI"ȻƱ:93'(ǧȁƨÉ&6!
Ǉ9ɹŝǖ%ÿË"8ʢMEG4 EEG'6&ǧȁƨÉ=ǚŝÕŲ!9Ƚ"
(%ʣ0ʢPET(Ğɲ"(9ȭŹ92ʢ EEG4 MEG&ƞ-!ʈ¢Ȱ
Ŋ#Ƹ"èʓ#%9ʣfMRI "(ȻƱ&ʗʊ&ŵ:92ʢȖȶǡǯ&(
08ß!%#9ʣ0ʢEEG4MEG(ʢPET4 fMRI%$'ȜƓȘAk
wNtI&ƞ-ʢipǩÐ'ʛŴɹºȹȘ=ž9ʣ6!ʢEEG 4 MEG (
PET	6* fMRI#ƞ-úÜʢʈ¢ȰǖƋƈƤ"9#4ǧȁǾȗ'ƨÉ=ǚŝ
ȼɴ9#%$
7ʢȖȶŌù'Ŵǰɹǖ¸ǆ'ȹƆ&żɫ%ȻƱlTpX@"
9#9ʣ 
   EEGʢMEG "(ʢʑǗy&āŦ'ȼɴƸ=	ʢʑǗy'YwSºĨ
7ʆ
ƩƲ=Şď9ņȲ9ʣÑëʠʆƩƲʡ
7ȂƇʠYwSºĨʡ=Ʊ9èʓ
=ʎèʓʠforward problemʡ#ä+'&ęʢȂƇ
7Ñë=ơ29èʓ=ɝèʓ
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ʠinverse problemʡ#ʣEEGʢMEG"ȻƱ:9YwS(Ȝ´'ƨÉ
71!
Ġœǖ"92Ƣďǖ%ɝèʓȹƤ(ċòʢȹ'xōŊ¤ȿ:%ʣǄòʢ
EEG4MEG&	!ż3xȤǖ&Ŝǈ:!9ȹƆƤ'x&ʢǵ¡ʆƩÔƌĉ
ʠequivalent current dipole; ECDʡŞďƤ9ʣ:(ʢaZ'ʑ=ôxĜǅ#
ď!ʢǧȁ'ʆƠǖƨÉɭ=ɼĠ ECD#1%ʢ
7ʎèʓ=ȹ
#&6!ł7:9ǆɉ©#ĐƱ©#' 2ɄĦżĝ&%96% ECD'ȍ#
lwktZ=Ƿ¹9ŪƤ"9ʠFigure 3ʡʣEEG(MEG#ÝƏ&ʛŴɹºȹȘ
=3ʢʆƩǔǇƲ#QtL#'ɹ&(ȜʢȜȚʚƫʢʑȦʙʢǗȝ#Ĝǃ
Ǐ%9 4'Ģ8ʢȜ"ǔǇʆú(:7&Ă%Ľʌ=×9ʣ08ʢ
ʑǗy&ȍȜƥʆƌ
7Ȝ'ƨÉɭ=Ɨǣ&ŞƱ"ʢǰɹǖ%ȹƆìʅ
"9ʣxŪʢÛȀȋ4ǰƠ(./ÝɞǤǃ=ž92ʢȜǤú(:7'
Ľʌ=ƚ$×&ʑǗy
7ȻƱ9#"ʢEEG #ƞ-!ʛǰɹºȹȘ
=3ʣ'2ʢMEG (Ɓǡǯ'6%«ĪȒ'ȖȶČȐ¸ǆɧǫ'ȹƆ&ż3
ɫȻƱŔƤ"9#Ⱥ9ʣ 
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Figure 3.  a. Ɓǡǯ"ǵ¡ʆƩÔƌĉʠequivalent current dipole; ECDʡŞď'ʁ&ę
Ɏ#¬ʑɭ 66Um]qʠ44 gradiometers and 22 magnetometersʡʣ b. ECDŞďƤ
&68Ȗȶɱ&Şď: N1m' source strengthƥļʣ c. N1m' ECD'ȍ#ß
ʣ  
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2. Ǚǖ  
Ƶòǖvʔòǖƃ&	!ȃȻČȐȩ<:!ɧǫ=ʢȺɃǖʊ»#ʊƍǖʊ
»=ǈ!ȜǤúňǶ
7Ƌȿ9#=Ǚǖ#ʣĐʘ 1"(ȺɃǖÂƶ#ʊƍ
ǖÂƶ=ǈ!ʢʐ÷xȤǖ%ȃȻČȐȩ<:!ɧǫ#ʢǂłǟɌ=Ǜęǖ&
¸ǆ!ɧǫ=ɇ-ʣĐʘ 2"(ʊƍ&ʐ÷ïžǖ%cVUHoO'Ɂǟʢ
ʐ÷xȤǖ%ȃȻČȐ#$'6&ɺ<8Ü!9'
=ɇ-ʣĐʘ 3"(ȺɃ
ǂł&ɺ<9ÐɃŗ¹#Ƀʎ'ȃȻČȐ#ǂłǟɌ'¦Ɨɧǫ=ɇ-ʣxŪʢĐʘ
4#Đʘ 5"(ȃȻČȐŴ'ČȐȒ'Âƶʊ&ę9Ʀō'ßŪ'ɪ&ƦǙʣ
Đʘ4"(ƵòǖȃȻČȐ#ʔòǖȃȻČȐ'ČȐÈƇ'ɪ=ɇ-ʣĐʘ5"(ʢ
þ'Ɲʊ»'ÝŴȖÖ&	9ʢƦō'ßŪ&69ČȐÈƇ'ɪ=ɇ-ʣ 
 
3. Đʘ 1 
3. 1. Ǚǖ  
   Ɓǡǯ"(ʢȺɃǖÂƶ#ʊƍǖÂƶ=ǈ!ʢʐ÷xȤǖ%ȃȻČȐȩ<
:!ɧǫ=ɇ-ʣ0ʢǂł:ȃȻǖǟɌ=Ǜęǖ&¸ǆ!ɧǫ=
ɇ-ʣ 
   «Īő'ČȐƨÉ&	!ʢā(ɧÒ&ČȐ:Ōù3¿ǈ%7ũ
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Ōù=Èǃ6ČȐ!9ʣ'#!ʢʊƍ&	9ǛęʊŎŚ7:
9ʣ:(ʢ9ksY@=ȖĿ&ɗɇksY@=Ȗ#ʢʊ'ƽǆǖʊʌ
`okwSǏ%9&3ɺ<7ÝksY@#!ɁɌ:9ʣǛęʊŎ(į²
&	!3¤Ř:!9#ùá:!9[55-57]ʣ'#!ʢȺɃ'ɁǟŚ
7:9ʣaZ'ǇĿ 10uŽ&(ʢ9ǔȺȥ#ÝȺȥ=¾'ǔ
9#ʢ2'ǔɃ'ʊʌ`okwSǏ%9&3ɺ<7ÝȺȥ#!ɁɌ:9
[58, 59]ʣ08ʢµɟɭºʠʊ'ɬǪ`Swt4dDqhtZâƥŦǵʡ=Ɂǟ
9#"ʢũ%Ōù=Ǜęǖ&¸ǆ9#"9ʣSaffran (ʢǂłƭ1'ȃ
ȻǟɌ=!ʢʊ»'ʊʛʠF0ʡ=Ǜęǖ&¸ǆ"9#=ȩÉĐʘ&68ȿů
[60]ʣƁǡǯ"(ʢȃȻČȐ&	9ʊʛ'Ǜęǖ%¸ǆʢøƁâƥŦ"
%dDqhtZâƥŦ&ę!3ȩ<:9'
=ƋȿʢȃȻČȐ'ʛƕkF\P
j=ů7
&9ʣ 
 
3. 2. ŪƤ  
3. 2. 1. ęɎ  
   ȄęʊŎʈ¤ŘȒ":0"&ƪĀòȁʘ'%«Īő 14Þʠ24-36Ƙʢ
ǋŊ:8ÞʢĆŊ:6Þʡ=ęɎ#ʣCNt_oĶ¿ŔXOZ[61]&68¿Ŕř
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Ŧʠlaterality quotient; 100
7-1000"'Ŧ©"ȫ:ʢ100&ɚ#Ù¿ʢ-100
&ɚ#ĥ¿"9#=ǥʡ( 57. 9
7 100&ºĨʢ´!'ȭʘȒÙ¿
"9#=ǣɁʣȭʘȒ(MEGȻƱ'ŪƤʢč´Ŋʢ§Ōù'¤ɍǵ&
!Îº%Ʌů=×ʢĐʘ(ȭʘȒ'Żʉ&69Ýō=ł!ȩ<:ʣƁĐʘ(
ƅĂČÍČɭvÍČǻǡǯǨªǆćæ'Ęƈ=×ŕɁ:!9ʠ×ǎÚ
3951ʡʣ 
 
3. 2. 2. Âƶ  
3. 2. 2. 1. ʊ  
   HLsynʠSensimetrics CorporationʢMaldenʢMAʢUSAʡ[62]=ǈ!ʢ5ʊĭô
ľ&ø øƁâƥŦ F0ʠF0 = 100×2(n-1)/5 Hzʢn = 1-7; 100ʢ115ʢ132ʢ152ʢ174ʢ
200ʢ230 Hzʡ# 7'Ǵx (F1)ʢǴdDqhtZâƥŦ (F2)'Ȁ1Ü<ʠv1: 780ʢ
1200ʢv2: 610ʢ700ʢv3: 600ʢ1500ʢv4: 430ʢ1000ʢv5: 420ʢ1800ʢv6: 250ʢ1300ʢ
v7: 240ʢ2100 Hzʡ
7%9Ɲʊ=őʣ:7'ʊ(ʢv1-50( v3-7=§¾
&şǥŴʢŸų&ǔʊ: 2Ǭʕ'ŬƁɃ 5ƝʊQVZ#!ȕ9ʠFigure 
4ʡʣF0-F2Ā'ʊʌ`okwS(´!ȃxʠF3 = 2500 HzʢF4 = 3500 HzʢF5 = 
4500 HzʢŘȆŴɹ = 400 msʢrise/fall = 10/200 msʢʊñ = 80 dB SPLʡʠTable 1ʡʣ 
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Figure 4.  ƁĐʘ&ǈƝʊ' F1-F2ĭʉy'ȍʠv1: 780, 1200, v2: 610, 700, v3: 
600, 1500, v4: 430, 1000, v5: 420, 1800, v6: 250, 1300, v7: 240, 2100 Hzʡ=ȫʣǢȈ(
ÛƝʊ' 90%Ɍ¾ǃ'üǍ=ǥʠUeda et al. , 1987ʡʣ 
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Table 1.  *.	./2fC fBW
$)&)&	!"+20n1
')&0F0 
= 100×2(n-1)/5 Hz1	&,2v1-v7
 Figure 1	 F1-F2 #-	(. %2  
a  Pitch sequence 
fC ± 1/2 fBW (Hz) 
b  Formant sequence 
fC ± 1/2 fBW (Hz) 
c  Pitch-formant sequence 
fC ± 1/2 fBW (Hz)  
 v4 0n = 11 v4 0n = 21 v4 0n = 31 v4 0n = 41 v4 0n = 51 v4 0n = 61 v4 0n = 71 
F0 100 115 132 152 174 200 230 
F1 430±40 430±40 430±40 430±40 430±40 430±40 430±40 
F2 1000±45 1000±45 1000±45 1000±45 1000±45 1000±45 1000±45 
 v1 0n = 41 v2 0n = 41 v3 0n = 41 v4 0n = 41 v5 0n = 41 v6 0n = 41 v7 0n = 41 
F0 152 152 152 152 152 152 152 
F1 780±40 610±40 600±40 430±40 420±40 250±40 240±40 
F2 1200±45 700±45 1500±45 1000±45 1800±45 1300±45 2100±45 
 v1 0n = 11 v2 0n = 21 v3 0n = 31 v4 0n = 41 v5 0n = 51 v6 0n = 61 v7 0n = 71 
F0 100 115 132 152 174 200 230 
F1 780±40 610±40 600±40 430±40 420±40 250±40 240±40 
F2 1200±45 700±45 1500±45 1000±45 1800±45 1300±45 2100±45 
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3. 2. 2. 2. C  
   F0OG# pitch sequenceF0OG F1-F2OG# formant 
sequenceF0 F1-F2OG# pitch-formant sequence 3uC&Ee_
 200ms ?X3 C+.*58k|{ counterbalance
&|{CcW&N#
&q~#AC 30
 1sfH&l>68-4}ISI 1. 2 sfHBi_K
Y&[	# 	ZrLC 750 !#@! 500 nU
yVI 1/3 250F0 F1-F2&oSm*20Figure 5  
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Figure 5.  R/)'8 
 
     
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   Pitch sequenceTable 2;aF1 F2:Q4301000 Hz; v4 in Figure 
4F0OG#CFI 2/3 5 F0F0 = 100×2(n-1)/5 Hzn = 1-5
!"VI 1/3 F0 n = 3-7*20#Formant sequenceTable 2=a
F0A 152 HzF1F2OG#CFI 2/3 5 F1
F2wM%v1-5 in Figure 4!"VI 1/3 F1F2wM%
v3-7*20#Pitch-formant sequenceTable 2<aF0F1F2A
OG#CFI 2/3 5 F0F0 = 100×2(n-1)/5 Hzn = 1-5 5 F1
F2wM%v1-5 in Figure 4!"VI 1/3 F0 n = 3-7*20
F1F2wM% v3-7*20# 
   LBiqh 237(2 #xD&J#Figure 6`pv
j 3u37(2&rgQt1,98]#+.*58P
zTd 	 3u37(2&$$C:\j\
j^b|{ counterbalance&  
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Table 2.  	 
 
 
 
 
 
 
 
 
*Refer to Figure 4  
   2/3 500   1/3 250  
Pitch sequence 
F0 
F0  100 x 2
(n-1)/5 Hz, 
 n = 1-5  
 
n = 3-7 
 
F1  
430, 1000 Hz v4* 
F2  
Formant sequence 
F1, F2 
F0 152 Hz 100 x 2(n-1)/5, n = 4 
F1 
v1-5* v3-7* 
 
F2 
Pitch-formant sequence 
F0, F1, F2 
F0 
100 x 2(n-1)/5 Hz,  
n = 1-5 
 
n = 3-7 
 
F1 
v1-5* v3-7* 
 
F2 
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Figure 6.  ¼ė Ó	 3!T\9NąČĞñ!º y Ýµ"qð-
2 Ĕy0Ýĝºbð Ýµ"qð 2 Ĕy ©ç-î¬!- 5 Ĕ0ÝĞ
×O^C7" 80%ćß-0ÝĝęO^C7" 5%ćß-0ÝĞ
Ĕy!© 1/3"ĝñf!ĔÔ 1-5+ 3-7 ;NF-Ğ 
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3. 2. 3. ðė  
    sequence!º©! 750ĔÙ!Ĕ³Ý+ 20ÞĚ5Þ! silenceĜ15Þ!ý¸ě
© ĝT\9NĆà *e$+. 8Ĕy 5ÕkZ_AU 8Ĕy 50
íĝí	õ,ğ0¦z 2¯â-ðė0Ďĝ2x© 
ägĞí	õD=F!?C;Y_ď!ÁâÏ 	ĝShapiro-Wilk!Áô¬
À *,apĉéªÊx´x¾ Friedman x´x¾0²Óĝ»­¡û'
+.ĝBonferroni!óÁ0Ó	ĊÀ0ðĞs!À»­ÄË0
p = 0. 05  ùĞ%ĝwÐ-Ĕ!Ė¥)Ĕ!ćß!ô|ĝê.Ú
þ0ĕă$-	-ĀĝîĒ,êu!ý¸0ú
&-*Å'Ğ 
 
3. 2. 4. ïÜ÷Ê  
   {Í³Ý "ĝSTIM2ĚCompumedics NeuroscanĝEl PasoĝTXĝUSAě0Ó	ĝ
4XR_ ER-3AĚEtymotic ResearchĝElk Grove VillageĝILĝUSAě 0h 80 dB SPL
!Ĕdì³ÝĞ306BWH\sĕïÜ÷ VectorView ĚElekta Neuromag Oyĝ
HelsinkiĝFinlandě0Ó	ĝ1-200Hz K_GL=N3\@0Ą©ĝ600Hz !:_
P[_8Æµ 750Ĕ!Ĕy³Ýf!ïÜ0øċĞ 
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3. 2. 5. E`@ö¾  
   Time-domain extension of signal space separationĚtsssĠKCN1č = 10 secĝ
correlation limit = 0. 980ě0Ó	ĝïÜE`@#!½ÜÃI4>!Èr0āÉ
[63]Ğ{Í} 50 ms + 500 ms 0 1 !5SC7ĝ2`BN17FēđnĚ8
Z<6V`@ 3pT/cmĝT8HFV`@ 3 pTějc! 750 Ĕ -üÖÜ«â0
~ã¤Ğ^`L=N3\@ 40HzĝJ4L=N3\@ 2Hz Æ¨vÒĝB
WH\!{Í} 100 ms + 0 ms !ď!¤n0è! DC 6N?CFĞ 
!oĕĈ 66 BWH\Ě8Z<6V`@ 44 BWH\ĝT8HFV`@ 22 BWH\ě
!~ã¤E`@0Ó	ĚFigure 3aěĝ N1m  P2m !M`7Ì¹iĂ goodness 
of fitĚġ80%ěº- ECD 0Ñ Å'ĚFigure 3bĝcěĞ sequence
 	} 2/3 © 1/3  tĄwÐ- 3 Ĕ Ěpitch and pitch-formant 
sequences: n = 3-5ĝformant and pitch-formant sequences: v3-5ě0ö¾ÿĞê
¿!ö¾!'Ĕy0 3 áx}ğfØğ© 1/3 Â ĝĔ{Í -üÖÜ
«â0ćßÛÏÂĚ80%ĝ20%ě qĕ+ 30 Ě1 Ĕ§, 10 ě~ãĞ
N1m  P2m .. 	ĝECD  
 30 ~ãÆ¨! source strength Æ¨
0Ñ Å'Ğsource strength Æ¨!M`7±£M`7Ì¹ ĝ3Ěå
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Ć¹ď: } 1/3, fØ 1/3, © 1/3ě× 2ĚĈl:  ĝÑě× 2ĚÛÏ: ĘĝmÛ
ÏěªÊx´x¾0?C;Y_ ·ðĞ»­¡û'+.(! 
 Bonferroni !óÁ0Ó	ĊÀ0ðĞs!À»­ÄË0 p = 0. 05  
ùĞ 
 
3. 3. æ¿  
3. 3. 1. ðė  
   Shapiro-Wilk !Áô¬À *,ĝpitch-formant session !í	õD=F!Á
âÏÁôx¢	-"		/Ěp = . 019ěĞMann–Whitney U
À *,?C;Y_!ÁâÏ"sBW_=]Q\*,»­ Ę Ěpitch 
series: z[2] = 3. 19ĝp = 0. 0014ĝformant series: z[2] = 2. 51ĝp = 0. 037ĝpitch-formant 
series: t[13] = 3. 21ĝp = 0. 0013ěĞFriedman x´x¾ *,?C;Y_ď»­¡
û'+.Ěx2Ě2ě = 12. 62ĝp = . 0018ěĞpitch ?C;Y_ pitch-formant ?
C;Y_" formant session *,(»­ ÁâÏĘĚpitch session: p = . 012ĝ
pitch-formant session: p = . 0050ěĚFigure 7ěĞa¶ĝ	.!òėë(ĝĔy Đ
-ê.Úþ 	ă-"	Ğ 
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Figure 7.  ?C;Y_!í	õD=F!ÁâÏĚN =14ěĞÄ¤è"?C;Y_
!fn0ÝĞ  
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3. 3. 2. ïÜ«â  
   s!òėë"ÎĔďwÐ¹ ®0°,ĝĔy Ç­0	
0ÛûĞN1m  P2m !M`7±£M`7Ì¹0 Table 3  ÝĞ 
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Table 3.  N1m P2m"N = 14#$ 
 
a 
 
 ± ": nAm, : ms# 
 
   	
 1/3  1/3 
 1/3 
 
  !  !  !  
Pitch  
sequence 
N1m  23. 9±3. 1 21. 2±2. 2 15. 0±3. 7 21. 0±2. 9 15. 6±2. 7 20. 8±2. 3 
  111. 9±4. 0  121. 9±4. 5  116. 0±3. 4  120. 8±3. 9  124. 4±4. 6 123. 8±3. 9  
P2m  11. 8±2. 5  13. 8±4. 0  12. 7±2. 2  11. 4±3. 1  11. 1±2. 6  10. 9±2. 7  
  242. 2±52. 2  195. 1±4. 5  187. 0±6. 8  191. 7±6. 4 192. 4±5. 1  200. 1±7. 6  
Formant  
sequence 
N1m  13. 3±1. 5 11. 6±1. 7 11. 5±1. 4 13. 3±2. 6 13. 3±2. 5 11. 3±1. 6 
  112. 9±2. 6 114. 1±2. 4 117. 4±4. 7 116. 8±3. 6  118. 2±4. 5 120. 4±4. 5  
P2m  11. 9±3. 6  11. 2±2. 5  8. 7±2. 6  9. 0±2. 3 9. 5±2. 5  8. 7±2. 2  
  192. 3±10. 2  187. 1±6. 7  199. 8±4. 9  193. 6±6. 9  182. 1±7. 4  199. 8±9. 3  
Pitch- 
formant  
sequence 
N1m  19. 2±2. 3 23. 1±3. 2 18. 5±3. 1 26. 3±3. 9 15. 2±2. 8 22. 0±2. 4 
  111. 4±3. 8  117. 6±3. 7  111. 6±2. 8 118. 9±2. 6 109. 8±3. 6  115. 1±2. 5 
P2m  7. 9±2. 1  9. 7±3. 4  5. 9±4. 5  8. 2±3. 7  13. 4±6. 2  8. 6±2. 9  
  196. 6±6. 7  197. 2±6. 0  190. 2±8. 8  189. 0±6. 0  181. 9±5. 6  190. 5±6. 9  
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b 
 
 ± ": nAm, : ms# 
 
  
 
   	
 1/3  1/3 
 1/3 
 
  !  !  !  
Pitch  
sequence 
N1m  21. 0±4. 1 19. 4±3. 5 17. 7±2. 8 20. 9±3. 5 19. 2±3. 7 22. 6±4. 0 
  112. 3±2. 8 115. 6±2. 8 115. 7±2. 9 120. 6±3. 4 119. 6±3. 8 119. 9±2. 8 
P2m  17. 7±4. 2  19. 4±4. 6  16. 5±4. 4  16. 5±3. 2  17. 8±4. 6  14. 5±4. 1  
  183. 1±5. 9  202. 7±8. 5  202. 7±9. 3  193. 4±6. 5  198. 0±7. 2  190. 2±10. 2  
Formant  
sequence 
N1m  18. 3±2. 2 16. 4±2. 4 14. 7±2. 0 16. 2±2. 5 15. 0±2. 6 14. 1±1. 9 
  111. 9±2. 8 115. 9±2. 5  114. 5±3. 8 119. 9±3. 5 117. 5±4. 4  119. 1±4. 3 
P2m  10. 9±5. 3  13. 1±3. 5  12. 3±3. 7  14. 6±5. 8  15. 9±5. 8  13. 7±5. 5  
  193. 2±6. 9  193. 7±5. 2  195. 5±10. 7  198. 6±10. 3  196. 0±10. 6  196. 3±7. 8  
Pitch- 
formant  
sequence 
N1m  23. 0±2. 3 25. 2±2. 5 23. 4±2. 5 27. 5±2. 7 21. 2±2. 4 25. 1±2. 6 
  110. 4±2. 9  116. 9±2. 3 107. 4±2. 4 117. 7±2. 7  117. 8±6. 9  118. 9±3. 2  
P2m  14. 2±3. 7  11. 4±3. 1  12. 1±2. 7  10. 9±3. 6  16. 3±5. 0  11. 5±3. 1  
  193. 6±7. 0  194. 0±5. 2  182. 7±6. 6  197. 2±5. 4  188. 2±5. 7  198. 6±8. 4  
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3. 3. 2. 1. Pitch sequence 
3. 3. 2. 1. 1. Ģü  
   N1m \qEĢü&
!ƑǓıǜ#ŻŠ'y®ļƻ269ǶƑǓıǜ: 
F[2Ǹ26] = 3. 81Ǹp = . 036ǸŻŠ: F[1Ǹ13] = 6. 28Ǹp = . 026ǷǹxŲ 1/3 "(¬
µ 1/3 57ķĖ&ĢüŕöǶp = . 018ǷǹN1m \qEĢü&
!ƑǓıǜ-
µŢǜ#ƑǓıǜ-ŻŠǜ&ťƻ269ǶƑǓıǜ-µŢ: F[2Ǹ26] = 3. 80Ǹ
p = . 036ǸƑǓıǜ-ŻŠ: F[2Ǹ26] = 5. 88Ǹp = . 008ǷǹøµŢ&
!ǸxŲ 1/3
#čµ 1/3 ' N1m \qEĢü(¬µ 1/3 #ō,!ķĖ&ŕöǶxŲ 1/3: p = . 029Ǹ
čµ 1/3: p = . 022ǷǹǲŻŠ"ǖƁǨ&ô8 N1m ĒƉ'\qEĢü(Ǹ¬µ
1/3 #ō,!xŲ 1/3 #čµ 1/3 &
!ķĖ&ŕöǶxŲ 1/3: p = . 002Ǹčµ
1/3: p = . 009ǷǹrĪǸŻŠ"ǖƁǨ&ô8 N1m ĒƉ'\qEĢü&(Ǹ
'5%ķĖù(ƻ269%ǶxŲ 1/3: p = 1. 000Ǹčµ 1/3: p = 1. 000Ƿǹ
xŲ 1/3 #čµ 1/3 &
!ǸǲŻŠ"ǖƁǨ&ô8 N1m ĒƉ'\qEĢ
ü(ǸŻŠǨ&ô8 N1m ĒƉ'\qEĢü57ķĖ&ŕöǶxŲ 1/3: p = . 
004Ǹčµ 1/3: p = . 008ǷǶFigure 8Ƿǹ 
 
3. 3. 2. 1. 2. Řı  
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   N1m \qEŘı&
!ƑǓıǜ#ŻŠ'y®ļƻ269ǶƑǓıǜ: 
F[2Ǹ26] = 9. 70Ǹp = . 001ǸŻŠ: F[1Ǹ13] = 7. 27Ǹp = . 018ǷǹǲŻŠ"ǖƁ
Ǩ&ô8 N1m ĒƉ'\qEŘı(ǸŻŠ"ǖƁǨ&ô8 N1m ĒƉ'\
qEŘı57ķĖ&ŸǶFigure 9Ƿǹčµ 1/3 &
8 N1m \qEŘı(¬
µ 1/3 &
8 N1m \qEŘı57ķĖ&ĄǛ!Ƕp = . 0001ǷǹP2m &

!(Ǹ%8ķĖù3ƻ269%ǹ 
 
3. 3. 2. 2. Formant sequence 
   N1mǸP2m &
!\qEĢüǸ\qEŘı'93ķĖùƻ269
%ǹ 
 
3. 3. 2. 3. Pitch-formant sequence 
3. 3. 2. 3. 1. Ģü  
   N1m \qEĢü&
!ŻŠ'y®ļƻ269ǶF[1Ǹ13] = 22. 31Ǹp = . 
0004ǷǹǲŻŠ"ǖƁǨ&ô8 N1m ĒƉ'\qEĢü(ǸŻŠ"ǖƁ
Ǩ&ô8 N1m ĒƉ'\qEĢü#ō,!ķĖ&ŕöǹ'Ç(ǸŞ&x
Ų 1/3 #čµ 1/3 &
!Ĉ069ǶxŲ 1/3: p = . 002Ǹčµ 1/3: p = . 003Ƿǹ
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N1m \qEĢü&
!ǸµŢ-ŻŠǜ&ťƻ269ǶF[1Ǹ13] = 5. 64Ǹ
p = . 034ǷǹøµŢ#ÁµŢ99&
!ǸǲŻŠ"ǖƁǨ&ô8 N1m
ĒƉ'\qEĢü(ŻŠ"ǖƁǨ&ô8 N1m ĒƉ'\qEĢü#ō,!
ķĖ&ŕöǶøµŢ: p = . 0003ǸÁµŢ: p = . 006ǷǶFigure 8Ƿǹ 
 
3. 3. 2. 3. 2. Řı  
   N1m \qEŘı&
!ŻŠ'y®ļƻ269ǶF[1Ǹ13] = 15. 20Ǹp = . 
002ǷǹǲŻŠ"ǖƁǨ&ô8 N1m ĒƉ'\qEŘı(ŻŠ"ǖƁǨ
&ô8 N1m ĒƉ'\qEŘı57ķĖ&ŸǶFigure 9ǷǹP2m &
!(Ǹ
%8ķĖù3ƻ269%ǹ 
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Figure 8.  ƠƲƼŮ N1mĒƉ' source strengthŏĊ' grand average ǶN = 14Ƿǹpitch 
sequence'¬µ 1/3 ǶaǷ, xŲ 1/3ǶbǷ, čµ 1/3ǶcǷǹformant sequence'¬µ 1/3
ǶdǷ, xŲ 1/3ǶeǷ, čµ 1/3ǶfǷǹpitch-formant sequence '¬µ 1/3ǶgǷ, xŲ
1/3ǶhǷ, čµ 1/3ǶiǷǹãƘ(ǲŻŠǸźƘ(ŻŠ"ǖƁǨ&ô8 N1mĒ
Ɖ' source strengthŏĊ;ŽǸƏƘ( 2'ĒƉ'ùŏĊ;Žǹ 
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Figure 9. ƠƲƼŮ N1mĒƉ'ýÖǪŚŘıǶN = 14Ƿǹpitch ǶaǷ, formant ǶbǷ, 
pitch-formant ǶcǷ sequenceǹǴ(ǲŻŠǸů(ŻŠ"ǖƁǨ&ô8 N1m
ĒƉ'ýÖǪŚĢü;ŽǹAiqYq(Ńŗƾù;Žǹ  
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3. 4. Ɯò  
   āĨǶ1. 5. 3Ƿ"ǌ,5&ǸĹîǱ"Ď69ƠƲƼŮĒƉ'Ģü#Řı
&(ǸƔƵêƛ®ļ#¼ďªř&58ǰ±®ļ'wĪ¼į9!8#Ɯ	698ǹ
/ǸǨ¤'čµ1/3'Ŵ¬"ǸF0 'J]U4ŌǨ' F1-F2 NRU'J]U;Ʃ
!8ǹ¬Ɲ(Ɓǀ&ŵĉǸčƝ(ƺƝ'%$&ŵĉ8Ǹ93[U'
ƠƲƻŷtǸÅrDSIjq'Ǩ#!ƻŷ98#(ŻƻŔ0"8[55-59]ǹ
'2ǸĹŹƄ"ƬǱƝĩ&êƛ83'(ǸǨ¤&Ɛ0Ǌ/9ƔƵŰŷǂ
"8#Ɯ	698ǹ/Ǹčµ1/3'Ŵ¬/"&ƔƵêƛ9!9)ǸªřǨ&
tǌ'ÊŏħLaEUkJ]UǇč"!3Ǹ'êƛ®ļ(ğƖ8#Ɯ
	698ǹĹîǱ"ťpitch sequence(ǸF0Þ±82Ǩŀ'emT='
ƮƎáǸformant sequence#pitch-formant sequences(F1-F2Þ±8ŌǨ;ť
!
7ƴƽŰ%ƮƎáǹ 
   pitch sequence&
!ǸǲŻŠ"ǖƁǨ&ô8ƤżÛĒƉ(ŻŠ"ǖ
ƁǨ&ō,!ǸĢüķĖ&õŘı(ķĖ&Ÿǹ/ǸǲŻŠ"ǖƁ
Ǩ&ô8ƤżÛĒƉ'Ģü(¬µ1/3&ō,!xŲ1/3"ķĖ&ŕöǹ6
&Ǹ96'ƔƵêƛ®ļ(ÊŏħLaEUkŵôŰ&J]Učµ1/3"3
Ɨğ9!8#:ǹ 
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   øµŢ&
!ǸxŲ1/3#čµ1/3'N1m\qEĢü(Ǹ¬µ1/3#ō,!ķ
Ė&ŕöǹ'ƒļ(Ǹø&ō,!ÁƠűǆ"(pitch sequence&ô!ǰ±&
#Ƕright-hemisphere persistenceǷ;ŽÎ!8ǹrƨŰ&Á¨ûĚ&

!(Ǹƴƽ'5%ıǜÞ±&ñ1ªř'ƠƲĕÚ¡ţ(øµŢ"7ǸÊ
ŏħÞ±&ñ1ªř'¡ţ(ÁµŢ"8#ƴ:9!8[64, 65]ǹÊŏħÞ±
&ñ1pitch sequence"(ÁƠűǆ"ǰ±&'39%ǹrĪǸ'ƒ
ļ(øµŢ&Ĉǰ±®ļǇ#3ģ	8#¢ĺ8ǹǰ±®ļ#ǰ±'ƞē
#'ǝǏē&ǝ8ŹƄčđƮ"8ǹ 
   pitch-formant sequence&
!ǸǲŻŠ"ǖƁǨ&ô8ƤżÛĒƉ(
ŻŠ"ǖƁǨ&ō,!ǸĢüķĖ&õŘı(ķĖ&Ÿǹ/Ǹ9
6'ƔƵêƛ®ļ(ÊŏħLaEUkŵôŰ&J]U!3Ɨğ9!8
#:ǹũ%ƃǜ"3ŮÝÐì'Łǎ(-.ŵÅ'2ǸŌǨ'
ħ(ǔ!3Ǹ-.År'F1-F2 ƅǜ&ŌǨ(ǘƚ98ǹĬĹƽ(]inLƽ
4Xk?@qƽ[66]ƈ#ō,!ŌǨħ5#ö%2ǸF1-F2ýǧ&
8ĬĹƽ
'ÃŌǨAj<('ƴƽ#ō,!ĀǸÃŌǨ'Aj<áǸĲİ&Ɵ	8
Aj<3á[67, 68]ǶFigure 4Ƿǹ  
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   ǲŻŠǖƁǨ'¼ďªř&58N1mĒƉ'ǰ±®ļ(Ǹpitch sequence
"(Ư69pitch-formant sequence"(Ư69%ǹShestakova6(Ǹũ%
DSIjqǜ'ǨÝ'¼ďªř(ǸÅrDSIjq'ǨÝ'¼ďªř&ō,
!N1mĢüÜ­8#4 MMNƳŖ98#;Į6&[69]ǹĹŹ
Ƅ&
!3Ǹpitch-formant sequence(DSIjq'ũ%ǨÝ6%7Ǹpitch 
sequence(DSIjqÅǨÝǶF1ǸF2(ÅǷ'06%!8'"Ǹ
Shestakova6'ƒļ#rƧ!8#	8ǹ 
   rĪǸformant sequence"(%8ķĖù3ƻ269ǸƠƲ	SLU"3
3'NRJhn'"ĵ3ŇƉŠǹ'#6Ǹ]BkbnUÞ±
&58ƔƵêƛ(\RQÞ±&58ƔƵêƛ&ō,!Ǥ#ŽÎ98ǹƩ
ŹƄ&58#ǸŞ&{ÿƈ'ƴƽêƛ'¥ĸŋǟ"(ǸemT='5%ǨŀŰ%
īČ;ƴƽǶņ%$Ƿ(ǸemT=;:%3'&ō,!ƴƽêƛǐ
8#ÚÉ9!8[70]ǹě'ƒļ(ǸĚ&
!3'Ç;ŽÎǹ
Formant sequence'ƔƵêƛ®ļǸpitch sequence4pitch-formant sequence573Ć
§'ţŦ#!ǸƬǱƝ(Ǩ¤'pitchĕÚ;y&ºƜ&!ƔƵêƛ!ÀƢ
ē3Ɯ	698ǹpitch sequence4pitch-formant sequence"(Ǹformant sequence573
N1ĢüáÇ;Žǹ\RQ'Þ±(]BkbnU'0'Þ±573žƑ
 56 
Œ¯;ǐ8'39%ǹ/ǸƠ½č&Ǹ¶ǀ"ŐĖ;Ç 6#ǌ
,8ƬǱƝàǹ96'#6ǸpitchÞ±'%Ǩ¤(Ǹ¶ǀ"ŐĖ;Ç
 6ÀƢēŽÎ98ǹrĪǸformant NRJhn'ƠƲ	SLU'Ň
ƉŠ(QgnLl`k57ķĖ&ǲ'"ǸƩ¯îǱ"(êƛ®ļŻƻ9
ǸƤżÛĒƉ6(êƛ®ļƳŖ9%#Ɯ	698ǹƤżÛĒƉ&58
ƔƵêƛ®ļ'¦í(ǸǨ¤JqEAnL;sƈ£8#&57¦í!
7Ǹ
ĒƉ'­ƊýÖ3đƮ#8#6ǸƩ¯îǱ573ľ¢ėă#ŽÎ
98ǹ 
   ƔƵêƛ®ļ'Ʃ¯îǱ&58ƹŎ&!ǸĹŹƄ"(Ǩ¤'ƟƲ	S
LU;Ʃǹ'ƹŎ(ǸƠƲ'ƔƵêƛ"ƩŹƄ"3Ʃ:9!83'"
8[6, 71]ǹĹŹƄ"3ǸƟƲ	8$#ÑƉĪŎ&5!ǸƔƵêƛ
®ļ;ƹ8#"ǸǨ¤'ƔƵŰ%ǖƁŻŠ&!¸ð&ǌ,8#
("%ǹǨ¤'ƔƵêƛ&5!şĎ9ƔƵŰŷǂ(ǸƴƽŰ&ƶǌ
8'ÒǤ%ĜƖŰƶę&ǝǏ!8ÀƢēƜ	698ǹƩŹƄ"(ǸƔƵ
êƛ&5%ŘÕŰ&şĎ9Ď8êƛ(ĜƖƶę#!ğ98};ŽÎ
!8[10, 19-23]ǹ 
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   Ǒƣªř&ô8ƠƲĒƉ'ĠŃ#!cLbRQǞēǥ8[8, 69]ǹĹ
ŹƄ&
!3Ǹ2ǙbkH]ǓƂ&
8ĩåªř#ǭ¢ªř'ƠƲĒƉ'ǔ
ľ¢9Figure 8&ùŏĊ;ŽǸ'ıǜĤƁ(MMN#ǯ!8ǹMMN
ŤĚ'ÙŲ#%8ŸĸƶęǶƶęŭǈǷ#ĹŹƄ'5%ƔƵêƛ&Ʈ8Ÿĸƶę
ǶĿƶęǷ&(ğıǜ'Ǜ&zǣ82ǸƔƵêƛ'ǓƂ"ŤĚ98Ƽ
ŮĚ£;MMN#Ë*#("%ǸǑƣľ¢4ǕĒǓƂ'¼į#Ś"ǯ
'ńƢ;¼į!8#3Ɯ	69ǸǗ£Ű&žƑÙŲ;ķ!8ÀƢē(Èí
"%ǹ 
   ƩŹƄ"(ǸĹŹƄ"ƻ2695%ƔƵêƛ®ļǸN1573ĭP50
6ľ¢9!8[8]ǹĹŹƄ"ťǨªř'Ģü°Ɠ'Ɔt7
ƙ42ǸŊ$'ƬǱƝ6P50;ľ¢8#¢ĺ%ǹ/
'ƩŹƄ"(ǸN400;ť!ƔƵêƛ®ļľ¢9!8[7]ǸĹŹƄ'
ªřǜǜǠ(200 ms"7N400;ƶǚ82&(57ǛªřǜǜǠđƮ
"8ǹFurl6(ǸƍǨ;ť!ƔƵêƛ®ļ;N1m"%P2m63ľ¢
!8Ǹě'ƒļ6(P2m'ƔƵêƛ(ľ¢9%[6]ǹP2m(r
ƨŰ&N1m573ǰ±®ļĆǸ/ŌǨ'ÛÄ&'Ç(Ĉ#ÚÉ9
!8[53, 54]ǹƩŹƄ&58#Ǹ¼ďªř&ô8ǰ±®ļ'N1mǸP2m+'
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¼į(Ǹũ%ıǜLGqk"ľ¢98#Ž9!8[72]ǹRoss6'Ź
Ƅ"(Ǹ2Ñ'¼ďªřĥŽNRJhn;99§'Ĭ&Ʃǹ'ƒļǸN1m
Ģü(ÃNRJhnx&ŕƫǸNRJhnǜ"(Ģü'Ñď069ǹrĪǸP2m
Ģü(ÃNRJhnx"(Ŋ$Þ±%Ǹ1Ñų572Ñų'NRJhn"Ģ
ü'Ü­069ǹP2m'Þ±'ľ¢&(57Ǜĸ'Ƴò;đƮ#82ǸĹŹ
Ƅ"3P2m'ķĖùľ¢9%ÀƢēƜ	698ǹĹŹƄ&(ŸĸŰ%ê
ƛ®ļ¼į9!8#Ɯ	698ǹ 
   ƩŹƄ"(ǸƔƵêƛ&5!ƴƽ[3, 73-75]4Ǩŀ[6, 14, 60]şĎ98
#ÚÉ9!8ǹSaffran6(ǸƠ½ƑǱ'06ƴƽ;şĎ8#Ɯ	69!8
8oĶ'{ÿ&
!3Ǹ2£ǜ'Ơ½"ƠƲ	'8ǨƋ;ǂ§ǸƔƵê
ƛ¢ĺ8#;Ž[71]ǹ/ǸƔƵêƛ(ƠƲªř"%ƱƲªř[76]4
ƱƲǒ¯;Ɛ0Ä:ªř[77]&5!3Ʃ:98#Ž9!
7ǸƔƵêƛ
(ėƲfPjS=&é%ǬØrƨŰ%eDWMd"8#Ɯ	698ǹ 
   rĪǸâēäǨŀŬĔƝ"(ǨŀŰǨ¤;ƔƵêƛ8#¢ĺ%Ǹ
ƴƽŰǨ¤;ƔƵêƛ8#¢ĺ8#ÚÉ9!8[78]ǹ'ÏǮ&ǝ!
Peretz6(ǸƔƵŰŷǂ'>n_RU4<?U_RU(ǬØÔķŰ%eDWMd&5
!Ʃ:9Ǹêƛ(ǬØrƨŰ%ƔƵêƛeDWMd&5!Ʃ:98#ǌ,[73]ǹ
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/7ǸäǨŀŬ(Ǩŀ;ƔƵêƛ8#("89;ƦƲ¢ĺ%ūĘ"
7ǸƻŷńƢǢï9!8'"(%ƦƲ'Ǣï"8#ŽÎ[79]ǹĹŹƄ
"(ǸƔƵêƛ®ļƬǱƝ'ƤżÛĒƉ6ľ¢9&3ǝ:6ǸêƛƔ
ƵŰŷǂ&!¿ǌ8#¢ĺ%ǹrĪǸƠƲ	SLU'5%Ğǅ
Űŷǂ'ķŜ'¦í&5!êƛ®ļ;ľ¢8#¢ĺǹ 
   rĪǸƩŹƄ"(ǸǨŀ4ƴƽŁǎ;bkH]ǓƂ'5%fTk'0&5
!ƶǌ8#¢ĺ%#6Ǹ'êƛeDWMd3ƔƵêƛ'0"(ƿĮ
¢ĺ%#yć!8[1]ǹ'5&ǸêƛeDWMd&ǝ!ǬØÔķē#r
ƨē'2'ôƆ8yć8Ǹǋþ"(»Īŵ&ǝvÄ!êƛƩ:
9!8#Ɯ	rƨŰ"8ǹ 
   ƩŹƄ"(ǸŜǀemT=(ǀēemT=573Ǩǲ;ŵôŰ&¡ţ
8'Ǥ#;Į6&[80]ǹ9(ǸǨŀ'ǉǀ(ǬØÔķŰ%eDW
MdǶǀēǷ&é8#;ŽÎ!8ǹǸ[U'{ÿ4[56][Uß
'¯ŝ[81]&
!3ǉǀ;ƻŷ¢ĺ8#ÚÉ9!8ǹ6&ĹŹƄ"(Ǹ
Ǩǲ'ŵôŰ%¡ţÙĹÊŏħ"%]BkbnUÊŏħ&ô!3
7Ǹ
96'J]U'č3ƔƵêƛğƖ8#;Į6&ǹ'#6ǸǨǲ
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'ŵôŰ%¡ţ(ǬØrƨŰ"[U&Ĺĺ:!8ÙĹŰ%eDWMd"8
#ŽÎ98ǹ 
   ĹŹƄ&57ǸƠƲƼŮN1mĒƉƔƵêƛ'êƛ®ļ'ĠŃ#%7Ď8#
:ǹ/Ǹ\RQÞ±(Ǹƴƽ4Ǩŀ'ƔƵêƛ;ǐ8ÀƢēŽ9
ǹǨ¤'ƔƵêƛ&
8ÊŏħLaEUk'ŵôŰ¡ţ(Ǹ[U&Ĺĺ:!
8ǬØrƨŰ%ƠƲńƢ"8#ŽÎ9ǹ 
 
4. îǱ 2 
4. 1. ųŰ  
   Jackendoff 6&58#ǸǨŀ'ƻŷ(ǬØÔķŰ%eDWMdǶǀēǸ\RQ
EiLǷ&é8[2, 82]ǹ	)ǸƭőǨŀ&(ÌǨǖƁ'ư«7ǸƠ½Ɲ(
9&Ù !Ņ&ǳ8ÌǨ;|Ŗ!8[83]ǹ/ǸŜǀemT='êƛ(ǀē
8emT='êƛ57Ǥ#'ÚÉ8[80]ǹǨŀÔķ'JLSd"8ǀ
ē(ǸǨŀêƛ'ś&ǙƮ%ƮƎ"8#Ɯ	698[84]ǹ 
   Ǩŀ&ÔķŰ%ƻŷ&Ǹ\RQEiL8[2, 85]ǹ\RQEiL#(CEO
q^ǣ9\RQNRU'#"7ǶFigure 10ǷǸÅ\RQEiL&÷8\R
Q(!ÅǨÆv	69!8[86]ǹ	)\RQEiLA#(Ǹ'CEOq
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^t&éÕ8ǨÆA'!'\RQ;ĠǶpitch class A = 440×2n Hz,…Ǹ55Ǹ110Ǹ
220Ǹ440Ǹ880 Hz…Ƿǹ  
   rĪǸšé8Ǩŀţǁƈ(Ĩ±&5!àł"7[87]ǸǨŀƻŷ&(ǸǬ
ØÔķŰ%Łǎ"%ǬØrƨŰ%Łǎ&3é!8("8[84, 88]ǹ
ƩŹƄ"(ǸÌǨ¤'ŁĨŁǎǬØrƨŰ%ƔƵêƛ&5!şĎ98
#;Į6&!8[83, 88, 89]ǹ  
   ĹŹƄ"(ǸǓ¹'êƛĦơŉ&é%CjKVk'ǖƁŻŠƐ0Ǌ/
9ŜǀÌǨ¤;ƔƵêƛ!ǓƂ;ǀ,ǹĳ&ǸÌǨ¤;êƛ!ǡǸ
ǬØÔķŰ%\RQEiLǸǬØrƨŰ%ƔƵêƛ&$'5&ċǩ!8'
;ľƸǹ 
 
4. 2. ĪŎ  
4. 2. 1. ôǅ  
   ǦƕôǨėğƝ"9/"&œßÕƑǱ'%ûĚ 14 ÆǶ22-50 ňǸ
ŧē:7 ÆǸæē:7 ÆǷ;ôǅ&ƩǹAKnYią¨ĜSLU[61]&57Ǹ¨
ĜĠħ( 57. 9 6 100 &£úǸ!'ƬǱƝÁ¨"8#;ŻƻǹƬ
ǱƝ( MEG ƵŖ'ĪŎǸëēǸĕÚ'Ǆƈ&!´£%ƿĮ;¾Ǹî
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Ǳ(ƬǱƝ'Ĵǧ&58ÅĖ;Ď!Ʃ:9ǹĹîǱ(Ļáê³êǗp³êƌŹƄ
ſţçÍ'óĽ;¾ĝƻ9!8Ƕ¾ŨÂ 3951Ƿǹ 
 
4. 2. 2. ªř  
4. 2. 2. 1. ÌǨ  
   9 ǨýÖČ&Ù ƍǨǶF0 = 250×2Ƕn-1Ƿ/9 HzǸn = 1-15ǷǶFigure 10Ƿ;ť
!Ǹ9 ƃǯ'Ü 3 ÌǨ;ĚǶ250Ǹ315Ǹ397; 315Ǹ397Ǹ500; 397Ǹ500Ǹ630; 
270Ǹ340Ǹ429; 340Ǹ429; 540; 429Ǹ540Ǹ680; 292Ǹ367Ǹ463; 367Ǹ463Ǹ583; 463Ǹ
583Ǹ735 HzǷǹ\RQß'ǨǩZieqO(!ƔrǶğƖıǜ = 450 msǸ
rise/fall = 10 /200 msǷǹ 
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Figure 10. 9ǨýÖČ&Ù  pitch class – pitch height space ǶF0 = 250×2Ƕn-1Ƿ/9 Hz, n = 
1-15ǷǹĂǧ' ( 9ǨýÖČ&Ù  pitch class dimension;ƪǹ×Ŵ'Ŷ·#
:8Ś(ǸÅ\RQEiL&÷8\RQ;Žǹ	)ǸĂǧ' '\RQEi
L 1( 250 Hz#' 1CEOq^ǲ 500 Hz6%8ǹ  
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4. 2. 2. 2. ÌǨ¤  
   1,080 ÌǨ6%8ÌǨ¤;ĚǶªřǜıǜǜǠ = 50 msǷǹ/Ǹ9
'ÌǨ;!Ǹ3 'ÌǨ6%8Fkq_; 3 ĚǹFkq_' 3 
'ÌǨ( triplet #!ŪinPd&ĥŽ9ǹTriplet '¢šŻŠ(¶ƍbkH]
ǓƂ&Ù Ɣ©;¾8ǶFigure 11Ƿǹ14%'ǖƁŻŠ"ÅFkq_' triplet
3ră¢šǸ80%'ŻŠ"ıƵÑ7&ǖƁǸ6%'ŻŠ"¼ıƵÑ7&ǖƁ
8ǹtriplet ǜ'ǖƁŻŠ(bkH]ǓƂ&58Ɣ©;Ǹtriplet ' 3 'ÌǨ
'ǖƁŻŠ(ŪinPd&ĥŽ98ǹƬǱƝǨ¤&ŐĖ;Ç82&Ǹ!
'Ǩ¤" 40 ÌǨ#& 1 ƀǜ'ŜǨ²ǜ;ŪinPd&ƷǶISI 1,050 msǷǸŜ
Ǩ²ǜ¢šı&ÁĜ;ġ85ĠŽǹ3 'Ǩ¤'NRJhn'ǫŨ(ƬǱƝ
ǜ" counterbalance ;#ǹ 
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Figure 11. Pitch-class clustered sequenceǶaǷ# pitch-class dispersed sequenceǶbǷ'ǖƁ
ŻŠÓǹGroup AǸBǸC(99Å\RQEiL' 3'ÌǨ6%8ǹChord 
triplets DǸEǸF(!ǔ\RQEiL' 3'ÌǨ6%8ǹƩ triplet( 2'
 1 ' triplet &ǖƁ8ǹãƘŶ·( 80ǵǸƏƘŶ·( 6ǵǸŚƘŶ·( 14ǵ
'ǖƁŻŠ;ƪǹGroup ' 3 ħè( triplet 'ÌǨ' 6 Ǎ7'ǫ¤;Žǹ6
Ǎ7' triplet(inPd&ĥŽ9ǹĐ£Ǩ;ťŀǃ&58 Pitch-class clustered 
sequenceǶcǷ# pitch-class dispersed sequenceǶdǷ'ÌǨ¤'ǹĹŹƄ"ť 9
ǨýÖČ' 292Hz;D3&ôĒǹtŶ·'Đ£ǨƥıƶÂ(Ǩ' 1/6ǲǨǸ
uŶ·'Đ£ǨƥıƶÂ(Ǩ' 1/6Ǩ'#;ƪǹ96(ǸµǨ'ƥıƶ
Â#Ɛ0Ä:!ť698ǹ/7Ǹ	#♭(99Ǩ' 2/6 ǲǨ#
Ǩ;Žǹ↑♮#↓♮(99Ǩ' 1/6ǲǨ#Ǩ;Žǹ  
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4. 2. 2. 3. ÌǨ'Fkq_  
   9 'ÌǨ'Fkq_'£Ī&5!Ǹ2 ƃǯ'Ǩ¤;ĚǹPitch-class 
clustered sequence "(\RQEiL&Ù !Fkq_£9ǶTable 4ǸFigure 
10Ƿǹ/7ǸTable 4 &
!ǸChords 2 # chord 3 (99 Chord 1 'ƇrǉÑ
Ċ#Ƈ~ǉÑĊ"8ǹGroup A ( Chords 1Ƕ250Ǹ315Ǹ397 HzǷǸChords 2Ƕ315Ǹ
397Ǹ500 HzǷǸChords 3Ƕ397Ǹ500Ǹ630 HzǷ6%8ǹGroup B ( Chords 1Ƕ270Ǹ
340Ǹ429 HzǷǸChords 2Ƕ340Ǹ429Ǹ540 HzǷǸChords 3Ƕ429Ǹ540Ǹ680 HzǷ6
%8ǹGroup C ( Chords 1Ƕ292Ǹ367Ǹ463 HzǷǸChords 2Ƕ367Ǹ463Ǹ583 HzǷǸ
Chords 3Ƕ463Ǹ583Ǹ735 HzǷ6%8ǹ 
   rĪǸpitch-class dispersed sequence "(ǸFkq_' 3 'ÌǨ!ǔ
\RQEiL6%85&ŪinPd&Fkq_£9ǶTable 4ǷǹGroup D
( Chords 1Ƕ250Ǹ315Ǹ397 HzǷǸChords 2Ƕ340Ǹ429Ǹ540 HzǷǸChords 3Ƕ463Ǹ
583Ǹ735 HzǷ6%8ǹGroup E ( Chords 1Ƕ315Ǹ397Ǹ500 HzǷǸChords 2Ƕ429Ǹ
540Ǹ680 HzǷǸChords 3Ƕ292Ǹ367Ǹ463 HzǷ6%8ǹGroup F ( Chords 1Ƕ397Ǹ
500Ǹ630 HzǷǸChords 2Ƕ270Ǹ340Ǹ429 HzǷǸChords 3Ƕ367Ǹ463Ǹ583 HzǷ6
%8ǹ 
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Table 4.  pitch-class clusterd sequence
a dispersed sequences
b		 
 
 
 
a. pitch-class clustered sequence 
Group A Chord 1 
250, 315, 397 Hz Chord 2 
315, 397, 500 Hz Chord 3 
397, 500, 630 Hz 
Group B Chord 4 
270, 340, 429 Hz Chord 5 
340, 429, 540 Hz Chord 6 
429, 540, 680 Hz 
Group C Chord 7 
292, 367, 463 Hz Chord 8 
367, 463, 583 Hz Chord 9 
463, 583, 735 Hz 
 
 
 
b.  pitch-class dispersed sequence 
Group D Chord 1 
250, 315, 397 Hz Chord 5 
340, 429, 540 Hz Chord 9 
463, 583, 735 Hz 
Group E Chord 2 
315, 397, 500 Hz Chord 6 
429, 540, 680 Hz Chord 7 
292, 367, 463 Hz 
Group F Chord 3 
397, 500, 630 Hz Chord 4 
270, 340, 429 Hz Chord 8 
367, 463, 583 Hz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4. 2. 3. ǈƣÜǛų  
   Ǜų'ñȤ 1 "ÇĪŪ9Ɖ ǌȬ 
 
4. 2. 4. ǌ¶ñȤ  
   Å 1,080 Îț©ǅÀĘȫ30 & 15 Îț©9ǅÀǅǗ5
&QJS
9ǌȬ30 & 15 Îț©'ƑinNd%w*36 3 ƪȢ&Îț©
3$5Ȭ
30 & 10 'ȫ1,080 Îț©&0&"Çƹ®%2 Ȅƨ50&!5
ȩMarkov triplet seriesȪȬ«& 10 'ȫ1,080 Îț©& triplet 9ĵƉ5rłȫtriplet
ȍ'ckE]ȀƩ%25ƹ®9ÁƑinNd%Ȅƨ50&!5ȩrandom 
triplet seriesȪȬţ4 10 'ȫ9 ƪȢ&Îț triplet &ƹ®9ÁƑinNd%Ȅ
ƨ50&!5ȩrandom chord seriesȪȬǅǗQJS'ÅLPHhn!Ʋ 6 ¨
¤%Ƶ85ȬǅǗ5"Ʈ²Æ% ȫShapiro-Wilk &şǕĠŘð%
24 3 ƪȢ&ț©&ȍ!r Ȇǁ¿ěųð¨ļ¨ŕ
 Friedman ¨ļ¨ŕ9ĵƉȫ
ŏĢĂǡ/36ÜÆȫBonferroni &Ǒş9Ɖ äȇŘð9ǌȬ£ &Řð
!ŏĢŨŵ9 p = 0. 05 %ǝðȬ 
 
4. 2. 5. RqMǙŕ  
 69 
   Tsssȩtime-domain extension of signal space separationȩYP];ȋ = 10 secȫ
correlation limit = 0. 980Ȫ9Ɖ ȫƇÞƣŧȕț%25ǈƣÜRqM&W=K9ǲű
[63]Ȭ¯Ÿ± 100 ms 
3 500 ms 9 1 &>bPA"ȫBiI?eqM 3pT/cm
"cBVSeqM 3pT t&ǢƔƣÜğƮ9´ƯȬ 
   1,080 Îțț©ǅÀx&ǈƣÜğƮ
3îǂµŖ9Į§5/%ȫÎț©&
±»"Ę»ȫ,ňǛÒ4%ȥƢƃȄƨ5 triplet "¿ňǛÒ4%ƢƃȄƨ5
triplet !ȫ66ǈƣÜğƮ9´ƯĈØȬÇ\POAiJ& triplet %Ȅƨ
50&'Ǚŕ
3ȑãȬț©±»!'ȫț©&ōª
3ȄƨƢƃ"%ƭÒĽ´
ƯĈØȬÎț©Ę»!'ȫÎț©Ę»&ōª
3ȫÎț©±»"Çś&łŪ!´
ƯĈØȬ&% pitch-class clustered sequence " pitch-class dispersed sequence &
vł9Ê.£Îț&ǈƣÜğƮ9´ƯĈØȬmqZJ]<kM 40 HzȫX=ZJ
]<kM 2 Hz !ūĔ¦Ɔȫ¯Ÿ± 100 ms 
3 0 ms 9ǢƔƣÜğƮ&ūĔ&ĈØ
"Ȭanalysis window ' ¯ŸȌê 0 ms 
3 500 ms "Ȭ£Îț&´ƯūĔ
9Ɖ ȫȠȅ 66 OgVkȩ44 gradiometers and 22 magnetometersȪ9øǬ" ȫ
goodness of fit  75%s&\qAŷň%	5 P1mȫN1mȫP2m & ECD 9»ƅ
"%ð/Ȭā»ƅ"Ã»ƅ&6
! ECD & goodness of fit  75%t&ǏȤ
Ǆ'Ǚŕ
3ȑãȬƸŖ" ǙŕøǬ"$Ľ'ȫP1m !' 12 ÈȫN1m
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!' 10 ÈȫP2m !' 12 È!ȬP1mȫN1mȫP2m 66%	 ȫECD %
Ú36Ò´ƯūĔ& source strength ūĔ9»ƅ"%ǛƯȬP1mȫN1m and P2m
66& source strength ūĔ&\qAĲĆ"\qAŷň%øȫ2ȩňȍ: ±» & 
Ę»Ȫ× 2ȩȅ: ā & Ã»ƅȪ × 2ȩƢƃ: ȥƢƃ & ƢƃȪ¿ěųð¨ļ¨ŕ
ȩANOVAȪ9ÅÎț©&±»ȫĘ»66!ŃǌȬŏĢĂǡ/360&
%ø Bonferroni &Ǒş9Ɖ äȇŘð9ǌȬ£ &Řð!ȫŏĢŨŵ9 p 
= 0. 05 %ǝðȬ 
 
4. 3. ƸŖ  
4. 3. 1. ǌ¶ñȤ  
   The Shapiro-Wilk &şǕĠŘð&ƸŖ%24ȫZieSjPAŘð9ĵƉ
ȩp > . 1ȪȬpitch-class clustered session %	 ȫv T Řð&ƸŖ
3 Markov triplet 
series " random triplet series !ǅǗ5"Ʈ²Æ'OgnJl`k24ŏ
Ģ%ȥ
ȩMarkov triplet series: t[13] = 3. 67ȫp = . 003ȫrandom triplet series: t[13] 
= 3. 60ȫp = . 003: Figure 12ȪȬ¨ļ¨ŕ%24ȫ3 ƪȢ&ț©&ȍ!ŏĢĂŘ§
6ȩF[2ȫ26] = 9. 85ȫp = . 001ȪȬMarkov triplet series " random triplet series 'ȫrandom 
chord series 24ǅǗ5"Ʈ²ÆŏĢ%ȥ
ȩMarkov triplet series: 
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p = . 004ȫrandom triplet series: p = . 001ȪȬpitch-class dispersed session%	 ȫv
 T Řð&ƸŖ
3ȫ6&ț©!0ǅǗ5"Ʈ²Æ"OgnJl
`k"&ȍ%ŏĢĂǡ/36$
Ȭ,ȫ¨ļ¨ŕ&ƸŖ
3ȫpitch-class 
dispersed session%	 
$5ŏĢĂ0ǡ/36$
Ȭ 
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Figure 12. Pitch-class clustered sequenceȩaȪ" pitch-class dispersed sequenceȩbȪ!ǅ
Ǘ5"Ʈ²ÆȬ>iqYq'ŜŵǤĂ9ƤȬ  
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4. 3. 2. ǈƣÜğƮ  
   £ &ǏȤǄ%	 ȫÅŻț¸ȍ§Ƅň%ÃĪ9ı 	4ȫț©%ŬĢ9
É "9ƢǡȬP1mȫN1mȫP2m &\qAĲĆ"\qAŷň9 Figure 13
%ƤȬ 
 
4. 3. 2. 1. Pitch-class clustered sequence 
   P1m \qAĲĆ!»ƅȍ%yµŖǡ/36ȩF[1, 11] = 6. 31, p = . 029ȪȬ
ā»ƅ'Ã»ƅ24 P1m \qAĲĆŏĢ%å
ȩFigure 13ȪȬP1m \q
AĲĆ!ț©±»"Ę»&ȍ%yµŖǡ/36ȩF[1, 11] = 5. 06, p = . 046ȪȬ
ț©±»%Ŧ* Ę»!'ȫP1m \qAĲĆŏĢ%űýȩFigure 13ȪȬP1m \
qAĲĆ%	 »ƅ"ňȍ&ȍ%~Ɖǡ/36ȩF[1, 11] = 4. 93, p = . 
048ȪȬț©±»%	 ȫā»ƅ'Ã»ƅ24 P1m \qAĲĆŏĢ%å

ȩp = . 021ȪȬā»ƅ%	 ȫț©±»%Ŧ* Ę»!'ȫP1m \qAĲĆŏ
Ģ%űýȩp = . 018ȪȬP1m \qAĲĆ%	 »ƅ"Ƣƃ&ȍ%~Ɖǡ
/36ȩF[1, 11] = 4. 99, p = . 047ȪȬț©±»%Ŧ* Ę»%	 ȫȥƢƃȄƨ
 triplet & P1m \qAĲĆŏĢ%űýȩp = . 022ȪȬrłȫƢƃȄƨ
 triplet !'&2$ŏĢĂ'-36$
ȩp = . 87ȪȬț©Ę»%	 ȫ
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ȥƢƃ!ȄƨÎț& triplet 'Ƣƃ!ȄƨÎț& triplet %Ŧ* ŏĢ%ű
ýȩp = . 024ȪȩFigure 14ȪȬP1mȫN1mȫP2m &60ȫ%ŏĢĂǡ
/36$
Ȭ 
 
4. 3. 2. 2. Pitch-class dispersed sequence 
   Îț©±»ȫĘ»&vł%	 ȫP1m \qAĲĆ!»ƅȍ%yµŖǡ/
36ȩF[1, 11] = 18. 46, p = . 0010ȪȬā»ƅ'Ã»ƅ24 P1m \qAĲĆŏĢ
%å
ȩFigure 13ȪȬP1mȫN1mȫP2m &60%ŏĢĂǡ/36
$
Ȭ 
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Figure 13. Pitch-class clustered sequenceȩaȪ" pitch-class dispersed sequenceȩbȪ&ǅǗ
ǢƔ P1mȫN1mȫP2mğƮ&ĈØȝŹĲĆ"ĈØȝŹŷňȩN = 14ȪȬȧ'ňǛÒ4
%ȥƢƃȄƨ tripletȫƖ'¿ňǛÒ4%ƢƃȄƨ triplet%ø5ǈƣÜğ
Ʈ9ƤȬ>iqYq'ŜŵǤĂ9ƤȬ  
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Figure 14. Pitch-class clustered sequenceȩaȪ" pitch-class dispersed sequenceȩbȪ%	
5ǅǗǢƔ P1mğƮ& source strengthūĔ& grand averageȩN = 12ȪȬæƾ'ňǛÒ
4%ȥƢƃȄƨ tripletȫƴƾ'¿ňǛÒ4%ƢƃȄƨ triplet%ø5 P1m
ğƮ& source strengthūĔ9ƤȬ  
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4. 4. ǃö  
   ¼ț©&ƹǛîǂǈƣÜğƮ%¿Ň5"¡ǌƠƫ%2 ņ3
%
6 5ȬőƠƫ!'Îț©%	 0¼ț©"Çś&ƹǛîǂµŖƢǡ6Ȭ
pitch-class clustered sequence &ǅÀ±»!'
$5ŏĢĂ0ǡ/36$
ȫ
ǅÀĘ»!'ȥƢƃ!ȄƨÎț%ø5ǅǗǢƔğƮ P1m ğƮ'Ƣƃ&0&
"Ŧ* ĲĆŏĢ%tȬ,ȫȥƢƃȄƨ triplet !'ȫț©±»
3Ę
»%
 ĲĆŏĢ%űý&%øȫƢƃȄƨ triplet !'&2$ű
ý'-36$
Ȭrłȫpitch-class dispersed sequence !'
$5ŏĢĂ0ǡ/
36$
Ȭ 
   pitch-class clustered sequence !Ř§6ƸŖ'ȫtriplet ȍ&Þƍ&ǡƞ1jK
dµŖ!'$ȫƹǛîǂ9¿Ň 5"ǃ365Ȭpitch-class clustered sequence
!'ȫÇ\POAiJ%þ5 3 &Îț triplet " 66rÒƑi
nNd%ķƤ6ȫ5 triplet 
3«& triplet )&Ȅƨ'ȫckE]ǼȊ%Ú
ȩFigure 11ȪȬ14%&ȄƨƢƃ!ÇBkq_& triplet 0rĎ§Ƅȫ80%&Ƣƃ
!ňǛÒ4%Ȅƨȫ6%&Ƣƃ!¿ňǛÒ4%Ȅƨ5ȬǏȤǄ'ȫ&ȄƨłÉ
ȩFigure 11Ȫ9îǂ"ǃ365Ȭ,4ȫÇ\POAiJ&Îț9ÇȜ
ȩXqfUqȪ" ƹÆƗ%ǡƞȫ\POAiJ%ÚXqfUq&Ȅƨ9ƹ
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Ǜîǂ"ǃ365Ȭ6%24ȫțř%ȟÙÕŏƗ$\POAiJ&ǡƞ'ȟ
ÙrǊƗ$ƹǛîǂ9ǽ5"ƤÐ6Ȭ 
   ǌ¶ñȤ%	 0ƹǛîǂµŖƢǡ6Ȭpitch-class clustered session !
'ȫMEG Ǜųx%ǅÀÎț©"ÇƹǛƗŪ°%Ú ÎțȄƨ5 Markov 
triplet series "ȫÎț& triplet ƑinNd%Ȅƨ5 random triplet series %	 
ǅǗ5"ƮƢƃ' chance level 240ŏĢ%ȥ
Ȭrłȫpitch-class 
dispersed session !'ȫǅǗQJS!
$5ŏĢĂ0ǡ/36$
Ȭ6
%24ȫǈƣÜğƮ&ƸŖ!$ǌ¶ñȤ&ƸŖ
30ȫÇ\POAiJ&Î
ț9XqfUq" ƹÆƗ%ǡƞ 5ÂǇĠƤÐ6Ȭ 
   ¡ǌƠƫ!' P1m !$ N1m 1 P2m &ƹǛîǂµŖƢǡ6 5
[6, 8, 90, 91]ȫőƠƫ!' N1m " P2m &ƹǛîǂµŖŘ§6$
Ȭ6%
Ȏ ȫőƠƫ&ț©& stimulus onset asynchronyȩSOAȪ' 0. 5 s !4ȫSOA  0. 
5 s&ǼƻRqM&´ƯĈØ'ÌūĽ 2 Hzt&Ä9ȑ½ ,"ƆƊ"
 ı365ȬőƠƫ!'ȫțř&ĥǂƗ$ǺĎȩAllegretto - AllegroȪ%ǶÎț
©&îǂȀƩ9Ǧ*5ź% SOA 9 0. 5 s %ǝðȬ  
   Skoe 3'ȩ2013ȪȫħąǄ%ø ȫ¼țƹǛƗŪ°%2 w*36
ț©"ƑinNd%w*36ț©ǅÀx&ǅĠǈĊ¿ğȩAuditory Brain-stem 
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Reponse; ABRȪ966 15 ¨ȍǜȉȬ&ƸŖȫƹǛƗŪ°%Ú
ț©ǅÀx& ABR 'ȫǅÀƑinNdț©ǅÀx"Ŧ* ĲĆŏĢ%űýȬ
ǅƘǮ!¦Ɔ65ƟŐƗƹǛƞǪ'ȫƘǮȃĜĠĭú%2 ABR 9âǦ5"
ǃ365ȬP1ȩP1mȪ&îǂµŖ&Ǡ" ȫſ% sensory gaiting %Ȏ5Ơƫ
%	 paired-click ZiN=dƉ36 [92]Ȭpaired-click ZiN=d!'ȫ
ÇrAjPAț9 500 ms ģǗ!ķƤ5Ȭ2 Əƚ&AjPAț%ø5 P1 ğƮ&Ĳ
Ćt'ƘǮȃĜĠ& gating ŝǇ9¿Ň5"86 5[93]ȬőƠƫ!'ȫƹǛ
îǂZiN=d9Ɖ ñȤ9ǌȫȄƨƢƃ&ȥ¯Ÿ'¯Ÿ"Ŧ* P1 Ĳ
ĆŏĢ%űý5"8
ȬǅǗƹǛîǂx&ȥƢƃȄƨț¯Ÿ%ø
5 P1 ğƮ0ȫƘǮȃĜĠĬ®9¿Ň 5&
06$Ȭ 
   ¡ǌƠƫ!'ȫP1 ğƮ%25îǂµŖ'ȫ&ħ¨&îǂµŖ"'Ɛ$5"
Ɛ$5"ÛË 5[94-96]Ȭ(ȫP1 ğƮ!'ƹǛîǂµŖ'șțřó24ț
řó&ł24ĒŘ§65ȫN1 ğƮ!'șțřó"țřó!Ă-36$

[8]ȬP1 ğƮ&îǂµŖ'țřƷȤ%í5ÂǇĠƤÐ65[97, 98]ȬőƠ
ƫ!'ȫĨŉŤƉ5ǦĠțř%'í×$ 9 țĈØė%Úß 3 Îț&Ż
ǦÎț©9ƉȬ,ȫ?jITk&ȄƨŪ°%2 Îț©9ħȬ6%
24ȫ£ǏȤǄ'Îț©%Ȏ5±ķƞǪ$ƀĤ%ȫîǂ­ȁĎ9ǏȤǄȍ!
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ƹrȬ6%0

83ȫőƠƫ!'Îț©&ƹǛîǂµŖ P1m %&-¿
Ň6Ȭ\POAiJ&ǡƞ' P1 ğƮ%¿ŇȫÎț©&ƹǛîǂ9ǽ5"
ǃ365Ȭ 
   pitch-class clustered sequence " pitch-class dispersed sequence &#30ȫP1m
ğƮ'Ã»ƅ%Ŧ*ā»ƅ!å	ā»ƅ&ĲĆ'ț©Ę»!űýȬrłȫ
N1m ğƮ%	 'ȫ&2$»ƅȍ&ŏĢĂ-36$
Ȭ¡ǌƠƫ%2
5"ȫǅƘǮ&ȣ·%24ȫÌūĽÇ¯Ÿț9¿ěķƤ5" P1 ğƮ'űǎ
5[99-101]ȫś$ÌūĽ&¯Ÿț9¿ěķƤ5" P1 ğƮ'ß´5[41, 102]Ȭ
,ȫ&µŖ'Ã»ƅ240ā»ƅ!ſ%Ē[103]Ȭ&ƸŖ
3ȫǅƘǮȣ·
%Ȏ85 P1 " N1 &ƥƷe@UKdȅ¨Ɨ%Ɛ$ 5ÂǇĠǃ365Ȭ
,ȫP1 " N1 ħ¨'66«&ȅ!Ɣƈ5"86 5[104] [105]ȬP1 ħ
¨'rŞǅƘǮ!ƈħ65ȫN1 ħ¨'624±ł&}ŞǅǗȈ1ȠĈȚ!
ƈħ65Ȭ,ȫǅǗğƮ&ŅŐħ¨ȩ20-80msȪ'ǖČƘǮĭú1rŞǅǗȈ"
sȠÒ&ƘǮȍĭú%ǰÓ5"ÛË6 5[105]ȬƹǛîǂ%Ȏ85 P1 ğƮ
&ſĠ9Ęņ3
% ĝǓ5Ȭ 
  őƠƫ!'ȫțř%ȟÙÕŏƗ$\POAiJ&ǡƞȟÙrǊƗ$ƹǛîǂ9
ǽ5"Ƥ6Ȭŋ%ȫǈƣÜğƮ P1m 'ȫÎț©&ƹǛîǂµŖ"\P
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OAiJǡƞ&òǘƗ$İŜ"$5"ƤÐ6Ȭ 
 
5. ñȤ 3 
5. 1. ƚƗ  
   Ƕĉ&ǚǣîǂ%Ȏ5Ơƫ!'ȫîǂ'ȟÙrǊƗîǂ"ȟÙÕŏƗîǂ&
ƶ-Æ8%2 ǌ865"&ō0rǊƗ$ǃł"$ 5Ȭ¡ǌƠƫ
%25"ȫƈĘ
3ĽoŎ&ȍ'ȫzċ¢'ȟÙrǊƗ$ƹǛîǂ%2 ǚǣġÛ
9¦Ɔ 	4ȫǚǣƂĚ%	5ǉƍŐ9Þ%ȫťǣ%ȟÙÕŏƗ$ľŪ1ȫțư
&@QFjq&îǂ%ƨǌ "ÛË6 5[11]ȬSaffran 3'ȫǣț©9Ɖ
 ȫƈĘ 8 oŎ&zċ¢&ƹǛîǂ9ǌ¶ñȤ%24ņ3
%[71]Ȭrłȫȟ
ÙÕŏƗ$îǂ9 5ħ%	 0ȫŁèġÛ%ø 'ƹǛîǂ9ǌ"Û
Ë6 5[13, 14]Ȭ  
   îǂe@UKd9ǃ5s!Ğ6 '$3$0&ȫƞǪ&ş!5Ȭƞ
Ǫ&ş%Ȏ5Ơƫ!'ȫBirbaumer[106]1 Censor[107]3ȫǿ¶ġÛ&ƞǪ9
ş5ȀƩ9ÛË 5Ȭ
ȫǅǗ&ǚǣƗƞǪ9ş ȀƩ9ƥƷƈ
ƆîƗ%ŘǟƠƫ'ȫĨƞ5ȏ4!'ÛË6 $ȬőƠƫ!'ȫ?j
ITk&ĀľŪ%2 w*36ǣț©9Ɖ ȫ¼ǣ¨Ȗ1¼ǣȞ©%Ȏ85
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ƹǛîǂ"ȫƂĚ6ƞǪ9ş ȀƩ9ǈƣÜğƮ
3Řǟ5Ȭ 
 
5. 2. łŪ  
5. 2. 1. øǬ  
   ƺøțģșįǄ!6,!%Ůã×ƷȤ&$ąħ 14 Èȩ22-50 Šȫ
ƋĠ:7 ÈȫéĠ:7 ÈȪ9øǬ"Ȭ>InYiĐ¬ĪQJS[61]%24¬Īİ
Ľ' 52. 0 
3 100 %¨ăȫ£ &ǏȤǄÃ¬!5"9ƢǡȬǏȤǄ
' MEG Ǜų&łŪȫï£ĠȫġÛ&ǫƭ% º¨$ǥņ9ÁȫñȤ'
ǏȤǄ&ŌȚ%25ÇĢ9Ě ǌ86ȬőñȤ'Ŕåî¹îȅp¹îƱƠƫƦ
ƆëÏ&÷ŗ9Áīǡ6 5ȩÁƏÄ 3951ȪȬ 
 
5. 2. 2. ¯Ÿ  
5. 2. 2. 1. ț  
   HLsynȩSensimetrics CorporationȫMaldenȫMAȫUSAȪȩKlattȫ1980ȪȪ9Ɖ
 ȫ5 țĈØė%Úńőǣ 5 ťț9ħȩF0 = 120×2ȩn-1Ȫ/5 Hzȫn = 1-5Ȫ: 
/a/ȩF0: 120ȫF1: 780ȫF2: 1200 HzȪȫ/o/ȩF0: 138ȫF1: 610ȫF2: 700 HzȪȫ/e/ȩF0: 158ȫ
F1: 600ȫF2: 1500 HzȪȫ/u/ȩF0: 182ȫF1: 430ȫF2: 1000 HzȪȫ/i/ȩF0: 209ȫF1: 420ȫ
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F2: 1800 HzȪȬF0-F2 ã&țȜZieqM'£ ƹrȩįƻňȍ = 400 msȫ
rise/fall = 10/200 msȫțÖ = 80 dB SPLȪȬ 
 
5. 2. 2. 2. ț©  
   5 ťț
3$5 1,800 ț&ț©9¯ŸȍňȍȍȒ 50 ms !ħȬÅťț&
§ƄƢƃ' 6 ȇckE]ȀƩ%25ƹ®9Á5Ȭ,4ȫrÝȩŻĢÍ¼ǣȪ"
 §Ƅ5 aueȫoiuȫeaoȫuoiȫiea & 5 &ÝÇà 2 ȇckE]ǼȊ%Ú 2
¨ÿ!ƢƃȄƨȩ0. 8ȫ0. 2Ȫ5ȩFigure 15ȫ16ȪȬ3%ȫț©xç! 2 ¨ÿȄƨ
Ƣƃ9¿ǱȬǏȤǄț©%ŬĢ9É5/%ȫ£ &ț©! 40 ț"%
1 Ƨȍ&Żț¸ȍ9ƑinNd%ǝȩSOA 1. 45 sȪȫŻț¸ȍ§Ƅň%ÃĪ9ı
52İƤȬ   
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Figure 15. ȄƨƢƃÔȬĽì' 5&¼ǣ9Ǎȩ1: aue, 2: oiu, 3: eao, 4: uoi, and 5: iea 
in the Markov chainȪȬ¡ǌ 2¼ǣȩā©&ĽìȪ' 5& 1țȩs©&ĽìȪ
%Ȅƨ5Ȭț©±»!'ȫȧ^mPA' 80%&ȄƨƢƃȫĿƾ^mPA' 20%&
ȄƨƢƃ9ƤȬț©xç!¼ǣȄƨƢƃ¿Ǳ5Ȭę ȫț©Ę»!'ȫȧ^
mPA' 20%&ȄƨƢƃȫĿƾ^mPA' 80%&ȄƨƢƃ9ƤȬ  
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Figure 16.  ñȤRG=nȬ 
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5. 2. 3. ǈƣÜǛų  
   Ǜų'ñȤ 1 "ÇĪŪ9Ɖ ǌȬ 
 
5. 2. 4. ǌ¶ñȤ   
   1,800 ț©ǅÀĘȫ30 & 15 ț©9ǅÀǅǗ5
&QJS9ǌ
Ȭ30 & 15 ț©'ƑinNd%w*36 3 ƪȢ&ťț©
3$5Ȭ30 &
 10 'ȫ1,800 ț©Ę»&0&"Çƹ®%2 Ȅƨ50&!5
ȩWord-ordered seriesȪȬ«& 10'ȫ¼ǣ9ƑinNd%w*0&!5ȩrandom 
word seriesȪȬţ4 10 'ȫťț9ƑinNd%w*0&!5ȩrandom vowel 
seriesȪȬǅǗQJS'Ʋ 6 ¨¤%Ƶ85ȬǅǗ5"Ʈ²Æ%
 ȫShapiro-Wilk &şǕĠŘð%24 3 ƪȢ&ț©&ȍ!r Ȇǁ¿ěųð¨ļ¨
ŕ
 Friedman ¨ļ¨ŕ9ĵƉȫŏĢĂǡ/36ÜÆȫBonferroni &Ǒş9Ɖ
 äȇŘð9ǌȬ£ &Řð!ŏĢŨŵ9 p = 0. 05 %ǝðȬ 
 
5. 2. 5. RqMǙŕ  
   tsssȩtime-domain extension of signal space separationȩYP];ȋ = 10 secȫ
correlation limit = 0. 980Ȫ9Ɖ ȫƇÞƣŧȕț%25ǈƣÜRqM&W=K9ǲű
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[63]Ȭ¯Ÿ± 100 ms 
3 500 ms 9 1 &>bPA"ȫBiI?eqM 3pT/cm
"cBVSeqM 3 pT t&ǢƔƣÜğƮ9´ƯȬ£ 1ȫ800 ț&ǈƣÜğƮ
9´ƯĈØȬmqZJ]<kM 40HzȫX=ZJ]<kM 2Hz !ūĔ¦Ɔȫ¯
Ÿ± 100 ms 
3 0 ms 9ǢƔƣÜğƮ&ūĔ&ĈØ"Ȭanalysis window ' ¯
ŸȌê 0 ms 
3 500 ms "Ȭ£ťț&´ƯūĔ9Ɖ ȫȠȅ 66 OgVkȩ44 
gradiometers and 22 magnetometersȪ9øǬ" ȩFigure 3Ȫȫgoodness of fit  75%
s&\qAŷň%	5 P1mȫN1mȫP2m & ECD 9»ƅ"%ð/ȩFigure 3aȪȬ
ā»ƅ"Ã»ƅ&6
! ECD & goodness of fit  75%t&ǏȤǄ'Ǚŕ
3
ȑãȬƸŖ" ǙŕøǬ"$Ľ'ȫP1m !' 13 ÈȫN1m !' 12 Èȫ
P2m !' 11 È!Ȭ 
   îǂµŖ&Ǚŕ&/ț©9 4 ƭ¨Å 1/4 &ōª
3¼ǣ¤&ťț&ǁ
ȩinitialȫmiddleȫfinalȪ"¼ǣ&ȄƨƢƃȩ80Ȩȫ20ȨȪ"%Åťț! 6 Òǈ
ƣÜğƮ9´ƯĈØȩǛ 30 ÒȪȬP1mȫN1mȫP2m 66%	 ȫECD %
Ú 30 Ò´ƯūĔ& source strength ūĔ9»ƅ"%ǛƯȩFigure 3ȪȬP1mȫ
N1mȫP2m 66& source strength ūĔ&\qAĲĆ"\qAŷň%øȫ2 ȩȅ
: ā & Ã»ƅȪ× 3ȩťț: initialȫmiddleȫfinalȪ× 2ȩƢƃ: ȥƢƃ & ƢƃȪ
¿ěųð¨ļ¨ŕȩANOVAȪ9Å 1/4 !ŃǌȬŏĢĂǡ/360&%ø
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 Bonferroni &Ǒş9Ɖ äȇŘð9ǌȬ£ &Řð!ȫŏĢŨŵ9 p = 0. 05 
%ǝðȬ 
 
5. 3. ƸŖ  
5. 3. 1. ǌ¶ñȤ  
   The Shapiro-Wilk &şǕĠŘð&ƸŖ%24ȫZieSjPAŘð9ĵƉ
ȩp > . 1ȪȬv T Řð&ƸŖ
3 word-ordered series " random word series !ǅ
Ǘ5"Ʈ²Æ'OgnJl`k24ŏĢ%ȥȩword-ordered series: t[13] 
= 4. 48ȫp = . 001Ȫȫrandom word series: t[13] = 2. 48ȫp = . 03Ȫȫrandom vowel series
!'ŏĢ%
ȩt[13] = -2. 46ȫp = . 03ȪȩFigure 17ȪȬ¨ļ¨ŕ%24ȫ3 ƪ
Ȣ&ț©&ȍ!ŏĢĂŘ§6ȩF[2ȫ26] = 22. 72ȫp = . 0001ȪȬWord-ordered 
series 'ȫrandom word series " random vowel series 24ǅǗ5"Ʈ²
ÆŏĢ%ȥ
ȩrandom word: p = . 04ȫrandom vowel series: p = . 0001ȪȬ 
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Figure 17.  ǅǗ5"Ʈ²ÆȬ>iqYq'ŜŵǤĂ9ƤȬ 
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5. 3. 2. ǈƣÜğƮ  
   £ &ǏȤǄ'ÅŻț¸ȍ§Ƅň!ÃĪ9ı 	4ȫț©%ŬĢ9É 
"9ƢǡȬP1mȫN1mȫP2m &\qAĲĆ"\qAŷň9 Table 5 %ƤȬ 
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Table 5. P1m, N1m, P2m&\qAĲĆ"\qAŷňȬ 
 
a ā»ƅ 
   Ƭ 1ț Ƭ 2ț Ƭ 3ț 
ƷȀňȍ  Ƣƃ ȥ  ȥ  ȥ  
1/4 P1m ĲĆ 
 
11.4±1.7 15.1±2.3 15.3±2.8 13.2±2.2 9.8±1.0 15.8±2.5 
ŷň 60.5±2.8 61.9±3.9 62.2±3.7 61.0±4.1 60.5±4.5 63.5±4.8 
N1m ĲĆ 
 
16.8±3.5 17.6±4.8 18.8±4.3 15.8±3.5 18.3±4.0 15.4±4.3 
ŷň 112.3±3.0 118.1±3.3 114.1±3.3 116.9±3.8 113.5±3.7 117.1±3.9 
P2m ĲĆ 
 
17.3±5.0 19.1±4.7 17.1±4.1 16.2±2.5 14.2±3.0 17.0±3.7 
ŷň 189.1±6.2 192.7±6.6 191.1±9.0 192.2±7.9 184.4±7.3 189.8±6.4 
2/4 P1m ĲĆ 
 
13.7±3.0 17.2±2.9 13.1±1.7 14.6±2.7 13.6±2.9 17.0±2.5 
ŷň 59.7±4.2 63.7±5.2 64.9±6.8 66.4±6.1 62.8±3.0 65.6±1.8 
N1m ĲĆ 
 
16.5±3.5 18.7±4.6 15.6±4.1 15.0±3.4 14.8±3.1 15.0±4.1 
ŷň 116.0±5.5 130.1±6.9 117.2±2.8 114.9±3.5 111.8±2.7 113.8±3.5 
P2m ĲĆ 
 
16.6±4.7 17.6±4.5 18.0±3.6 17.8±5.0 17.8±4.5 19.5±6.1 
ŷň 184.7±9.3 191.3±7.0 184.5±7.0 187.4±7.7 185.5±8.0 179.8±6.4 
3/4 P1m ĲĆ 
 
16.0±2.6 15.6±3.4 16.1±2.0 17.4±4.3 15.9±2.3 13.3±3.2 
ŷň 62.2±6.4 66.5±4.3 66.1±4.1 65.9±4.6 67.1±5.1 67.5±5.2 
N1m ĲĆ 
 
12.7±3.7 14.6±3.7 14.7±3.5 14.2±3.0 12.3±2.8 14.8±2.7 
ŷň 116.0±3.4 120.8±4.5 120.1±4.4 119.3±4.8 112.9±2.8 122.3±5.1 
P2m ĲĆ 
 
19.6±5.0 17.4±3.9 21.4±5.5 24.8±7.1 18.9±4.8 22.0±5.0 
ŷň 186.6±6.7 182.0±8.3 182.6±6.9 184.4±7.3 185.6±7.3 186.7±7.9 
4/4 P1m ĲĆ 
 
16.6±3.3 17.5±3.2 14.0±2.7 18.0±3.1 15.7±3.2 18.7±2.5 
ŷň 61.1±5.9 59.5±5.7 60.5±3.9 66.9±3.8 63.7±3.9 60.5±5.7 
N1m ĲĆ 
 
11.8±2.2 16.9±3.9 12.2±3.1 13.7±3.4 9.0±3.1 12.4±2.8 
ŷň 110.1±6.5 129.3±3.8 115.1±4.8 119.9±5.2 109.8±5.5 119.4±3.9 
P2m ĲĆ 
 
17.6±4.0 17.8±4.0 17.4±3.4 18.1±4.1 16.9±2.9 19.2±3.5 
ŷň 189.8±8.1 188.3±7.5 178.2±5.4 187.7±5.9 183.2±6.0 186.6±6.8 
ĈØ ± ŜŵǤĂȩĲĆ: nAm, ŷň: msȪ  
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b Ã»ƅ 
   Ƭ 1 ț Ƭ 2 ț Ƭ 3 ț 
ƷȀňȍ  Ƣƃ ȥ  ȥ  ȥ  
1/4 P1m ĲĆ 
 
7. 9±1.3 12.0±2.6 9.1±1.7 10.4±2.0 6.4±1.8 12.2±1.5 
ŷň 63.6±4.7 60.9±3.8 61.5±2.7 66.4±3.3 63.3±3.1 59.2±3.2 
N1m ĲĆ 
 
17.3±3.4 19.5±4.7 22.7±5.0 20.2±4.6 19.1±4.5 19.0±4.8 
ŷň 114.3±2.5 118.9±5.1 113.4±3.8 115.1±3.4 116.9±4.0 114.3±4.2 
P2m ĲĆ 
 
11.7±2.8 10.4±2.1 11.1±1.7 14.4±2.2 11.8±1.9 14.1±2.6 
ŷň 189.0±5.9 188.9±6.1 181.8±4.9 183.5±5.9 185.5±7.7 181.5±5.8 
2/4 P1m ĲĆ 
 
11.5±3.3 11.0±1.4 9.5±1.6 12.3±2.5 8.9±1.8 10.4±1.7 
ŷň 62.8±3.4 63.5±4.1 59.3±3.5 65.0±3.2 57.5±5.7 63.2±4.2 
N1m ĲĆ 
 
19.5±4.2 18.9±4.5 17.5±4.3 18.7±4.2 15.8±2.8 18.7±4.0 
ŷň 119.2±3.7 126.2±6.2 118.0±4.8 115.3±2.9 119.5±4.4 123.2±4.9 
P2m ĲĆ 
 
12.7±2.5 9.7±2.8 12.9±2.0 14.1±2.2 15.6±3.0 11.1±1.9 
ŷň 183.5±2.9 183.9±6.5 184.3±4.4 184.4±5.5 185.0±6.9 188.1±6.0 
3/4 P1m ĲĆ 
 
11.5±1.8 12.5±3.0 10.2±1.6 11.6±2.3 11.0±3.0 10.1±2.2 
ŷň 64.5±3.8 65.1±3.7 61.0±4.4 65.7±2.8 63.8±3.8 63.2±4.0 
N1m ĲĆ 
 
17.1±4.0 15.5±4.1 14.9±2.8 18.1±3.8 15.1±3.5 16.0±2.8 
ŷň 118.8±4.7 124.4±5.1 117.1±7.0 119.1±3.9 112.3±4.1 118.6±5.4 
P2m ĲĆ 
 
12.1±1.8 12.1±2.3 14.5±2.0 13.3±2.5 13.3±2.7 13.7±2.0 
ŷň 190.3±8.2 184.7±7.8 180.5±3.5 186.1±6.2 178.6±7.3 188.6±8.9 
4/4 P1m ĲĆ 
 
12.5±2.8 13.4±2.1 10.9±2.1 11.0±2.0 10.5±2.7 13.0±1.9 
ŷň 64.1±4.2 61.8±4.4 65.5±3.2 65.5±4.0 71.2±4.0 67.0±2.2 
N1m ĲĆ 
 
17.6±3.6 17.7±3.7 10.9±3.6 19.0±3.3 14.9±3.5 13.4±3.0 
ŷň 120.9±4.3 117.9±3.7 121.7±5.6 127.1±7.0 114.2±3.0 120.3±4.6 
P2m ĲĆ 
 
14.1±3.0 11.1±2.1 12.9±2.1 12.9±2.2 11.0±1.7 15.7±2.4 
ŷň 182.2±4.4 188.8±9.5 180.8±6.9 184.1±5.6 181.7±4.5 179.6±5.7 
ĈØ ± ŜŵǤĂȩĲĆ: nAm, ŷň: msȪ
 
     
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ț© 1/4%	 ȫP1m\qAĲĆ!Ƣƃȍ%yµŖǡ/36ȩF[1ȫ12] = 7. 93ȫ
p = . 016ȪȬȥƢƃ!Ȅƨ¼ǣ'Ƣƃ!Ȅƨ¼ǣ%Ŧ* ŏĢ%ĲĆ
űýȩFigure 18ȪȬP1m\qAĲĆ!»ƅȍ%yµŖǡ/36ȩF[1ȫ12] = 
20. 34ȫp = . 001ȪȬā»ƅ'Ã»ƅ24 P1m\qAĲĆŏĢ%å
ȬP1mȫ
N1mȫP2m&60%ŏĢĂǡ/36$
Ȭ 
      ț© 2/4%	 ȫP1m\qAĲĆ!Ƣƃȍ%yµŖǡ/36ȩF[1ȫ12] 
= 5. 57ȫp = . 036ȪȬȥƢƃ!Ȅƨ¼ǣ'Ƣƃ!Ȅƨ¼ǣ%Ŧ* ŏĢ
%ĲĆűýȩFigure 18ȪȬP1m\qAĲĆ!»ƅȍ%yµŖǡ/36ȩF[1ȫ
12] = 13. 10ȫp = . 0040ȪȬā»ƅ'Ã»ƅ24 P1m\qAĲĆŏĢ%å

ȬP1m\qAŷň!Ƣƃȍ%yµŖǡ/36ȩF[1ȫ12] = 8. 70ȫp = . 012ȪȬ
ȥƢƃ!Ȅƨ¼ǣ'Ƣƃ!Ȅƨ¼ǣ%Ŧ* ŏĢ%ŷňƟ
Ȭ
N1m\qAŷň!Ƣƃ-ťțȍ%~Ɖǡ/36ȩF[2ȫ22] = 5. 23ȫp = . 014ȪȬ
Ƣƃ!Ȅƨ¼ǣ¤& 3ťț%	 ȫƬ 2ț%ø5 N1m\qAŷň'Ƭ
1240ŏĢ%Ɵ
ȩp = . 015ȪȬȥƢƃ!Ȅƨ¼ǣ&Ƭ 1ț%ø5 N1m
\qAŷň'Ƣƃ!Ȅƨ¼ǣ&Ƭ 1ț%ø5 N1m\qAŷň240ŏĢ%
Ɵ
ȩp = . 004ȪȬP1mȫN1mȫP2m&60%ŏĢĂǡ/36$

Ȭ 
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      ț© 3/4 %	 ȫP1m \qAĲĆ!»ƅȍ%yµŖǡ/36ȩF[1ȫ12] 
= 7. 16ȫp = . 020ȪȬā»ƅ'Ã»ƅ24 P1m \qAĲĆŏĢ%å
ȬP1mȫ
N1mȫP2m &60%ŏĢĂǡ/36$
Ȭ 
    ț© 4/4 %	 ȫP1m " N1m &\qAĲĆ!Ƣƃȍ%yµŖǡ/36
ȩP1m: F[1ȫ12] = 5. 47ȫp = . 037ȫN1m: F[1ȫ11] = 7. 01ȫp = . 023ȪȬ#3%
	 0ȫȥƢƃ!Ȅƨ¼ǣ'Ƣƃ!Ȅƨ¼ǣ%Ŧ* ŏĢ%ĲĆű
ý ȩFigure 18ȫ19ȪȬP1m \qAĲĆ!»ƅȍ%yµŖǡ/36ȩF[1ȫ
12] = 11. 32 ȫp = . 0060ȪȬā»ƅ'Ã»ƅ24 P1m \qAĲĆŏĢ%å

ȬN1m &\qAĲĆ!ťțȍ%yµŖǡ/36ȩF[2ȫ22] = 4. 12ȫp = . 0030ȪȬ
¼ǣ¤& 3 ťț%	 ȫƬ 3 ț%ø5 N1m \qAĲĆ'Ƭ 1 240ŏĢ%ű
ýȩp = . 042ȪȩFigure 19ȪȬN1m \qAŷň!Ƣƃȍ%yµŖǡ/36ȩF[1ȫ
11] = 5. 34ȫp = . 041ȪȬȥƢƃ!Ȅƨ¼ǣ'Ƣƃ!Ȅƨ¼ǣ%Ŧ* ŏ
Ģ%ŷňƟ
ȩFigure 19ȪȬP1mȫN1mȫP2m &60%ŏĢĂǡ/
36$
Ȭ 
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Figure 18. ǅǗǢƔ P1mğƮ& source strengthūĔ& grand averageȬñƾ' 80%&¼
ǣȄƨƢƃȫơƾ' 20%&¼ǣȄƨƢƃ9ƤȬ   
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Figure 19. ¼ǣȩaȪ"¼ǣ¤& 3ťțȩbȪ%ø5ǅǗǢƔ N1mğƮ& source strength
ūĔ& grand averageȬȩaȪñƾ' 80%&¼ǣȄƨƢƃȫơƾ' 20%&¼ǣȄƨƢƃ9
ƤȬȩbȪæƾ'¼ǣ¤&Ƭ 1ťțȫƴƾ'¼ǣ¤&Ƭ 2ťțȫŹƾ'¼ǣ¤&Ƭ
3ťțȩ¼ǣ¤&ōƵťțȪ9ǍȬ  
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5. 4. ǃö  
   Ã»ƅ%Ŧ*ā»ƅ!ǈƣÜğƮP1m&ĲĆŏĢ%åȫñȤ2"Çś&
ƸŖŘ§6ȬőƠƫƸŖ&,"/9Figure 20%ƤȬǚǣƂĚ%Ȏ852ƪȢ
&ƹǛîǂµŖȫ66Ɛ$ňȍJCqk!Ř§6Ȭ1ƚ'ȫț©1/4
"ț©4/4%	 ȫȥƢƃ!Ȅƨ¼ǣ%ø5ǈƣÜğƮ'ȫƢƃ&0&"
Ŧ* ĲĆŏĢ%űýȬ,ȫț©2/4%	 ȫȥƢƃ!Ȅƨ¼ǣ%ø
5ǈƣÜğƮ'ȫƢƃ&0&"Ŧ* ŷňŏĢ%Ɵ
Ȭ63&ƸŖ
3ȫ
îǂǄ'ǚǣſŏ&±ķƞǪ$ 0ȫƹǛîǂ%2 ťț©
3]lqKŚǻ
9Į§!5"ƤÐ6Ȭ2ƚ'ȫț©4/4%	 ȫ¼ǣ¤&3ťț&
ōĘ&ťț%ø5ǈƣÜğƮ'ȫōª&ťț"Ŧ* ĲĆŏĢ%űýȬ6
3&ƸŖ
3ȫîǂǄ'ťț©
3¼ǣȍ&Þƍ9ǡǪȫ¼ǣ9Į§!5"
ƤÐ6Ȭ¡ǌƠƫ!'ȫ¼ǣĮ§1ťț©&ƹǛîǂ$#ǚǣƹǛîǂ&rȅ¨
&-9øǬ% 5&%ø[7, 8, 14, 91]ȫőƠƫ!'ȫ¼ǣĮ§"¼ǣȞ©îǂ
&vł9Ř§"
3ȫ24ǚǣîǂ%ǶîǂȀƩ9¿Ň 5"5Ȭ
3%őƠƫ&ƸŖ
3ȫîǂǄǚǣƹǛîǂ9ǌȓȫǣț©
3]lqKŚǻ
9îǂĘ%ȫ]lqK¤&¼ǣ9îǂ5îǂȀƩƤ6ȬȄƨƢƃ9¿Ǳ
5±&ț©±»!'ȫƢƃȄƨ¼ǣ%&-¼ǣĮ§&îǂµŖŘ§6
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&%øȫȄƨƢƃ9¿ǱĘ&ț©Ę»!'ȫƢƃȄƨ¼ǣ"ȥƢƃȄƨ
¼ǣ&vł!¼ǣĮ§&îǂµŖŘ§6ȬǏȤǄ'ȫȥƢƃȄƨ5ťț
©9ȫ¼ǣ&Ǽƻ" 24.7ȫr&å$]lqK" ǡǪ 5"
ǃ365Ȭ ȫȄƨƢƃ¿Ǳț©&Ū°âŋ65"!ȫ¼ǣĮ§
ǽ65"ƤÐ65Ȭ  
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Figure 20. őñȤ!Ř§6ǚǣƹǛîǂµŖ&ǓƲȬ  
 100 
   ǌ¶ñȤ%24ȫ1,800ț©Ę»&0&"Çƹ®%2 Ȅƨ5
word-ordered series"ȫ¼ǣ9ƑinNd%w*random word series!ǅǗ
5"ƮƢƃ'OgnJl`k24ŏĢ%ȥ
Ȭ3%ȫword-ordered series
'ȫrandom word series"¼ǣ9ƑinNd%w*random vowel series24ȫǅ
Ǘ5"Ʈ²ÆŏĢ%ȥ
Ȭ63&ƸŖ
3ȫ¼ǣ"]lqKŚǻ
%

85ƹǛƗƞǪ'ȫǚǣîǂ9Ē·5ź%ĝǓ!5"ǃ365Ȭ 
   ț©±»&¼ǣȄƨƢƃĘ»!¿Ǳ5"ȫ±»!t¼ǣ&ǈƣÜğ
Ʈ&ĲĆß´ȫ±»!ß´¼ǣ&ǈƣÜğƮ&ĲĆűýȬrłȫťț
©%Ê,655&¼ǣ'Ę»!0â83Ɖ36&!ȫ¼ǣĮ§&îǂµŖ'
ȄƨƢƃ¿ǱĘ!0Ƽį 5ÉƤ6ȩFigure 19ȪȬ¼ǣ¤&ťțȞ©ȩ¼
ǣ¨ȖȪ&ƞǪ9įȫ¼ǣȍ&Ȟ©ȩ]lqKȪ&ƞǪ&-9ş 5
"ǃ365Ȭ,ȫȄƨƢƃ¿ǱĘ24¿Ǳ±&łȫ¼ǣȞ©&îǂµŖŅ
Ř§6ȬƂĚ6ŚľƞǪ&ş%'ŁǕ&Śľîǂ240ňȍ

5"
Ƥ6Ȭ 
   ¡ǌƠƫ%25"ȫƈĘ
3ĽoŎ&ȍ'ȫzċ¢'ȟÙrǊƗ$ƹǛîǂ%
2 ǚǣġÛ9¦Ɔ 	4ȫǚǣƂĚ&ǉƍŐ!56oŎ
312oŎ&ȍ%ľ
Ū1ȫțư&@QFjq·ǽ-ȫťǣ%ȟÙÕŏƗ$îǂ%ƨǌ "ÛË
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6 5[11]ȬrłȫőƠƫ!'ǈƣÜğƮ"ǌ¶ñȤ&ƸŖ
3ȫȟÙÕŏƗ$ŝ
Ǉ%ƨǌħ%$ 0ȫ,!ƷȤ"&$2$ŁŚľŚǻ90
ǣț©%36ňȫ¼ǣĮ§1ŚľŚǻ&îǂȫƹǛîǂ%2 ǌ865
"Ƥ6ȬŁè&ǚǣƗŚǻȋŐȍ365"ȫǚǣƂĚe@UKd'ȟ
ÙrǊƗ$ƹǛîǂ
3ǚǣ%ȟÙÕŏƗ$îǂ)"ƨǌ5&
06$Ȭ
 ȫȋŐȍ%Ų îǂ9ƿ4ǷȫƟŐƗ$ƹǛƞǪȋŐǜĦ)"âĸ65
"!ȫîǂµŖ'ƟŐǜĦ9¿Ň5P11N1$#&ŅŐERPħ¨
3ȫȋŐǜĦ9
¿Ň5EAN$#&ĘŐERPħ¨%¿Ň6 &
06$Ȭ 
   őƠƫ%24ȫ¼ǣĮ§"ǣȞ&îǂƹǛîǂ%2 ǌ86Ě5"Ƥ
Ð6ȬƂĚƞǪ&ş%'ŁǕ&îǂ240ňȍ

5"Ƥ6ȬƹǛ
îǂ%	 ȫ¡%å$Śǻȩ]lqKȪ9îǂȫ&Ęȫü$Śǻȩ]lq
K¤&¼ǣȪ&îǂƻňȍƷȀƤ6Ȭ 
 
6. ñȤ 4 
6. 1. ƚƗ  
   őƠƫ!'ȫŷ×ƗƹǛîǂ"ȡ×ƗƹǛîǂ&îǂµŖ9ŦǳȬñ
Ȥ 1 %24ȫț©&ƹǛîǂµŖ'ȫțȥƛøƗ%â· 0įƻ5"Ǚ
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ȬőñȤ!'3%&ŝǇȫȡ×îǂ!$ŷ×îǂ%	 0	5
&
9ŘǟȬ 
   Norris 3&ÛË%25"ȫîǂøǬ&Ū°ĻĴ6ȩŶǀƗİûȪȫ,î
ǂøǬ%ŬĢ9É52İûȩĢÔƗİûȪ6ň&îǂ'ȡ×îǂ!4ȫ¿
ø%ȫîǂøǬ&Ū°ĻĴ6îǂøǬ%ŬĢ9É$
ň&îǂ'ŷ×î
ǂ!5[108]Ȭ6,!&Ơƫ!&ŶǀƗİû"ĢÔƗİû'ȫŷ×îǂ"ȡ×
îǂ9¸«5/%2Ɖ36 5ĪŪ!5[10, 25, 109-114]Ȭę őƠƫ
!0&ĪŪ9Ɖ ŷ×îǂ"ȡ×îǂ9¸«Ȭȡ×îǂ!'ȫț©%ø 
ŶǀƗİû"ĢÔƗİû9ǌȬrłŷ×îǂ!'ȫț©"Çň%Żá¶ƌ9ķƤ
ȫ¶ƌ%ø ŶǀƗİû"ĢÔƗİû9ǌǏȤǄ&îǂMqDPS9âȬ 
 
6. 2. łŪ  
6. 2. 1. øǬ  
   ƺøțģșįǄ!6,!%Ůã×ƷȤ&$ąħ 14 Èȩ24-36 Šȫ
ƋĠ:8 ÈȫéĠ:6 ÈȪ9øǬ"Ȭ>InYiĐ¬ĪQJS[61]%24¬Īİ
Ľ' 57. 9 
3 100 %¨ăȫ£ &ǏȤǄÃ¬!5"9ƢǡȬǏȤǄ
' MEG Ǜų&łŪȫï£ĠȫġÛ&ǫƭ% º¨$ǥņ9ÁȫñȤ'
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ǏȤǄ&ŌȚ%25ÇĢ9Ě ǌ86ȬőñȤ'Ŕåî¹îȅp¹îƱƠƫƦ
ƆëÏ&÷ŗ9Áīǡ6 5ȩÁƏÄ 3951ȪȬ 
 
6. 2. 2. ¯Ÿ  
6. 2. 2. 1. ț  
   ñȤ 1 & pitch sequence "Çț9ƉȬ 
 
6. 2. 2. 2. ț©  
   ñȤ 1 & pitch sequence "ÇłŪ!ț©9ħȬÅț&§ƄƢƃ0ñȤ
1 !Ɖ2$ 2 ȇckE]ǼȊ%Úƹ®9Á5ȫőƠƫ!'Ł% 2
ƪȢ&ckE]ȄƨƢƃÔ9ħȬſð&ȄƨZMqnȔĶ5LPHhn&
îǂ%ćŰ$2% 2 ƪȢ&ckE]ȄƨƢƃÔ9ȫ66&îǂŒ!r
ĵƉȫĵƉłŪ'ǏȤǄȍ! counterbalance 9"Ȭ 
 
6. 2. 2. 3. ñȤ_mSEk  
   ŷ×Œ%25ț©ǅÀƵ{5,!ț©&Ū°Ŋȗ6$2%ȫ¡
%ŷ×Œ!ț©9ķƤȫǌ¶ñȤ9Ê/Ʋ 2 ¨Ę%ȡ×Œ!ț©9ķƤȬ 
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6. 2. 2. 3. 1. ŷ×îǂŒ  
   750 ț©ķƤ"Çň%Żá¶ƌ9ķƤȫķƤĘ%¶ƌ&¤ô%Ȏ5ǮÑ9
ǌȬŻá¶ƌ'ȫǏȤǄ6,!ǔ"&$0&!4ȫǮÑ&¤ô0¶
ƌ%ŬĢ $"Ʈ36$2$0&%ȩƕÜž&Ľ$#ȪȬǏȤ
ǄŻá¶ƌ%ŬĢ9É5/%ȫñȤ±%|/ȫĢÔƗİû" ¶ƌķƤĘ%
¶ƌ%Ȏ5ǮÑ95"9ĻĴȫŶǀƗİû" ǮÑ¤ô0ķƤȬ¶ƌ
&¤ô%Ȏ5ǮÑ'£ȅ!Ʋ 2 ¨¤%Ƶ85Ȭ 
 
6. 2. 2. 3. 2. ȡ×îǂŒ  
   ǏȤǄț©%ŬĢ9É5/%ȫ£ &ț©! 30 ț"% 1 Ƨȍ&Żț
¸ȍ9ƑinNd%ǝȩISI 1. 2 sȪȫŻț¸ȍ§Ƅň%ÃĪ9ı52İƤ
ȬñȤ±%|/ȫĢÔƗİû" 750 ț©ǅÀĘ%ǅǗQJS9ǌ"9
ĻĴȫŶǀƗİû" ț©ȄƨƢƃÚ w*36 5"9ĻĴȬ
ț©ǅÀĘȫÇckE]ȀƩ%2 w*36 8 ț© 5 "ƑinNd 8 ț©
5 9ǅÀȫǅǗQJS9ǌȬǅǗQJS'ÅLPHhn!Ʋ 2 ¨
¤%Ƶ85Ȭ 
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6. 2. 2. 4. ǈƣÜǛųȫRqMǙŕ  
   ǛųȫǙŕ"0ñȤ 1 "ÇĪŪ9Ɖ ǌȬ 
 
6. 3. ƸŖ  
6. 3. 1. ǌ¶ñȤ  
   ŷ×îǂŒȩŻá¶ƌ%Ȏ5QJSȪȡ×îǂŒȩț©&ǅǗQJ
SȪ&vł"0şƮƃ'OgnJl`k24ŏĢ%ȥ
ȩĈØ ± S. D. : ŷ×î
ǂ: 89. 3±20. 5%ȫȡ×îǂ: 87. 1±9. 6%ȪȬ 
 
6. 3. 2. ǈƣÜğƮ  
   N1m " P2m &\qAĲĆ"\qAŷň9 Figure 21 %ƤȬ 
 
6. 3. 2. 1. ŷ×îǂŒ  
   N1m \qAĲĆ%	 ƷȀňȍ&yµŖǡ/36ȩF[2ȫ26] = 9. 90ȫp 
= . 001ȪȬxƙ 1/3 "Ę» 1/3 !'ȫ±» 1/3 24ŏĢ% N1 \qAĲĆűý
ȩxƙ 1/3:  p = . 001ȫĘ» 1/3: p = . 046ȪȬƷȀňȍ-Ƣƃȍ%~Ɖǡ/36
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ȩF[2ȫ26] = 5. 25ȫp = . 012ȪȬȥƢƃ!Ȅƨț%ø5 N1m ğƮ&\qA
ĲĆ'ȫ±» 1/3 %Ŧ* xƙ 1/3 "Ę» 1/3 !ŏĢ%űýȩxƙ 1/3: p = . 0001ȫ
Ę» 1/3: p = . 014ȪȬrłȫƢƃ!Ȅƨț%ø5 N1m ğƮ&\qAĲĆ'
&2$ŏĢĂǡ/36$
ȩxƙ 1/3: p = . 13ȫĘ» 1/3: p = 1. 0ȪȬĘ
» 1/3 %	 ȫȥƢƃ!Ȅƨț%ø5 N1m ğƮ&\qAĲĆ'Ƣƃ!
Ȅƨț%ø5 N1m ğƮ&\qAĲĆ%Ŧ* ŏĢ%űýȩp = . 005Ȫ
ȩFigure 21ȫ22ȪȬ 
   N1m \qAŷň%	 »ƅ"Ƣƃ&yµŖǡ/36ȩ»ƅ: F[1ȫ13] = 
4. 93ȫp = . 045ȫƢƃ: F[1ȫ13] = 5. 86ȫp = . 031ȪȬā»ƅ'Ã»ƅ%Ŧ* N1m
\qAŷňŏĢ%ȋ
ȬȥƢƃ!Ȅƨț%ø5 N1m ğƮ&\qAŷ
ň'Ƣƃ!Ȅƨț%ø5 N1m ğƮ&\qAŷň%Ŧ* ŏĢ%Ɵ
Ȭ
P2m %	 '
$5ŏĢĂ0ǡ/36$
Ȭ 
 
6. 3. 2. 2. ȡ×îǂŒ  
   N1m \qAĲĆ%	 ƷȀňȍ"Ƣƃ&yµŖǡ/36ȩƷȀňȍ: 
F[2ȫ26] = 10. 06ȫp = . 001ȫƢƃ: F[1ȫ13] = 16. 34ȫp = . 001ȪȬxƙ 1/3 "Ę»
1/3 !'ȫ±» 1/3 24 N1 \qAĲĆŏĢ%űýȩxƙ 1/3: p = . 001ȫĘ»
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1/3: p = . 022ȪȬƷȀňȍ-Ƣƃȍ%~Ɖǡ/36ȩF[2ȫ26] = 4. 80ȫp = . 017ȪȬ
ȥƢƃ!Ȅƨț%ø5 N1m ğƮ&\qAĲĆ'±» 1/3 %Ŧ* xƙ 1/3
"Ę» 1/3 !ŏĢ%űýȩxƙ 1/3: p = . 004ȫĘ» 1/3: p = . 005ȪȬrłȫƢ
ƃ!Ȅƨț%ø5 N1m ğƮ&\qAĲĆ'&2$ŏĢĂǡ/36$

ȩxƙ 1/3: p = . 15ȫĘ» 1/3: p = . 31ȪȬxƙ 1/3 "Ę» 1/3 %	 ȫȥ
Ƣƃ!Ȅƨț%ø5 N1mğƮ&\qAĲĆ'Ƣƃ!Ȅƨț%ø5
N1m ğƮ&\qAĲĆ%Ŧ* ŏĢ%űýȩxƙ 1/3: p = . 003ȫĘ» 1/3: p = . 
002ȪȩFigure 21ȫ22ȪȬ 
   N1m \qAŷň%	 Ƣƃ&yµŖǡ/36ȩF[1ȫ13] = 9. 05ȫp = . 
010ȪȬȥƢƃ!Ȅƨț%ø5 N1m ğƮ&\qAŷň'Ƣƃ!Ȅƨ
ț%ø5 N1m ğƮ&\qAŷň%Ŧ* ŏĢ%Ɵ
ȬP2m %	 '

$5ŏĢĂ0ǡ/36$
Ȭ 
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Figure 21. ŷ×îǂȫȡ×îǂŒ%	5ǅǗǢƔ N1mȫP2mğƮ&ĈØȝŹĲĆ 
(a)"ĈØȝŹŷň(b)ȩN = 14ȪȬȧ'ȥƢƃȫƖ'Ƣƃ!Ȅƨț%ø5 N1m
ğƮ9ƤȬ>iqYq'ŜŵǤĂ9ƤȬ  
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Figure 22. ǅǗǢƔ N1mğƮ& source strengthūĔ& grand average ȩN = 14ȪȬŷ×
îǂŒ&±» 1/3ȩaȪ,xƙ 1/3ȩbȪ, Ę» 1/3ȩcȪȬȡ×îǂŒ&±» 1/3ȩdȪ, 
xƙ 1/3ȩeȪ, Ę» 1/3ȩfȪȬæƾ'ȥƢƃȫơƾ'Ƣƃ!Ȅƨț%ø5
N1mğƮ& source strengthūĔ9ƤȬ  
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6. 4. ǃö  
   čľȩ1. 4. 3Ȫ"ñȤ 1 &ǃö!0Ǹ*2%ȫőñȤ!Ě36ǅǗǢƔ
ğƮ&ĲĆ"ŷň%'ȫƹǛîǂµŖȫ¿ě¯Ÿ%25ȣ·µŖȫțȥ&ƛøƗ$¦
ƆȩƛøțģȪµŖ¿Ň6 5"ǃ365Ȭ 
   ȡ×îǂŒ%	 ȫxƙ 1/3 "Ę» 1/3 !'Ƣƃ!Ȅƨ N1m \q
AĲĆ'ȥƢƃ!Ȅƨ N1m \qAĲĆ%Ŧ* ŏĢ%å
Ȭ,ȫxƙ
1/3 "Ę» 1/3 ! N1 \qAĲĆŏĢ%űýȬ3%ȫ63&ƹǛîǂµ
Ŗ'ÚőÌūĽH]S 0Ƽį65"8
ȬȥƢƃ!Ȅƨ
N1m \qAŷň'Ƣƃ!Ȅƨ N1m \qAŷň%Ŧ* ŏĢ%Ɵ
Ȭ  
   ŷ×îǂŒ%	 ȫȥƢƃ!Ȅƨ N1m \qAĲĆ'xƙ 1/3 "Ę»
1/3 !ŏĢ%űýȬ,ȫ&ƹǛîǂµŖ'ÚőÌūĽƛøƗ%H]S
 0Ƽį65"8
ȬȥƢƃ!Ȅƨ N1m \qAŷň'Ƣƃ!Ȅ
ƨ N1m \qAŷň%Ŧ* ŏĢ%Ɵ
Ȭȡ×îǂŒ!'xƙ 1/3 
3î
ǂµŖǡ/36ȫŷ×îǂŒ!'Ę» 1/3 
3îǂµŖǡ/36ȫȡ×
îǂ'ŷ×îǂ24îǂµŖŅŘ§65"ƤÐ6Ȭ 
   ā»ƅ'Ã»ƅ%Ŧ* N1m \qAŷňŏĢ%ȋ
Ȭŷ×îǂŒ!
'ȫț©"Çň%Żá¶ƌ0ķƤȫ¶ƌķƤĘ%¶ƌ&¤ô%Ȏ5QJS9ǌ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ȬrǊƗ%Ã¬îǂǄ'ǖǗ1ǅǗġÛ%ø ā»ƅ!5"86 
5[115]ȬőñȤ&ǏȤǄ'£ÏÃ¬$&!ȫț©&ƹǛîǂ"¶ƌ&}ȇ¦Ɔ&
/%ā»ƅ%ȫā»ƅ& N1m \qAŷň'Ã»ƅ240ȋ$&

06$Ȭ 
   [S&zċ¢!$[56][Sã&¶ž[81]%	 0ǱǦ&ŝǇ9ŏ
5"ņ3
%6 5ȬőƠƫ!'ȫ&2$¦Ɔŷ×Ɨ$Œt!0ǰ
5"9ņ3
%Ȭțȥ&ƛøƗ¦Ɔ'ȫîǂǄ&ĢǪ%Ȏ$[S%őœ
8 5ÚőƗ$e@UKd!5"ƤÐ65Ȭ 
   őƠƫ!'ȫȡ×Œȫŷ×Œ&vł%	 N1m ƹǛîǂ&İŜ"$
5"8
Ȭrłȫȡ×îǂ'ŷ×îǂ24îǂµŖŅŘ§65"
8
Ȭ,ȫ#3&îǂŒ%	 0ȫƹǛîǂµŖ'ÌūĽJaASk
H]S 0Ƽį65"8
Ȭ 
 
7. ñȤ 5 
7. 1. ƚƗ  
   ñȤ 1 %24ȫîǂǄ±ķƞǪ&$ƀĤ!ŁġÛ%36ňȫî
ǂȟÙ%3$ȟÙrǊƗ$ƹǛîǂe@UKdƔ¶5"ƤÐ6Ȭ,
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ȫñȤ 4 %24ȫƹǛîǂ'îǂŒȩŷ×îǂpȡ×îǂȪ%

83ǌ86
5"Ƥ6Ȭ 
   ǚǣ1țř&ǂĚ%	 ȫ&+":#ŷ×Ɨ$Œt!ƂĚ6Ě
5"ÛË6 5[31, 32]ȬrłȫñȤ 4 &ƸŖ
3ȫȡ×îǂ'ŷ×îǂ24
0ŅŐ%ƹǛîǂµŖŘ§65"ņ3
"$Ȭ¡ǌƠƫ%26(ȫ2 
&ġÛ%Çň%ŬĢ9É îǂ5"ƥƷŭ¶ćŰÆȫîǂµŖt5
"ÛË6 5[116]ȬĨ'ȫńąƈŭ%	 ȫ5rňŹ! 1 &ġÛ
%øğ 6("ƀũ'Ţ#$ȫä'ǒĽ&ġÛ%Çň%¦Ɔ
$6($3$Ȭ
ȫ63&ġÛ%£ ŬĢ9É ø¦ &
'uÂǇ!5Ȭę ȫŷ×îǂ'ǒĽ&ġÛ9Çňw©¦Ɔ5ȓ%ȇǓ$î
ǂĩƎ!5"ǃ365Ȭ6,!ȫǒĽ&ġÛ9Çňw©¦Ɔ5ȓ&ŷŬĢ&
Éł%25ƹǛîǂµŖ&Ȃ9òǘƗ%Ǧ*Ơƫ'ý$ȬőƠƫ!'ȫ}á
&ťț©&ÇňǅÀ%	5ȫŬĢ&Éł%25ƹǛîǂµŖ&Ȃ9Ǧ*Ȭ 
 
7. 2. łŪ  
7. 2. 1. øǬ  
   șƺøțģįǄ!6,!%Ůã×ƷȤ&$ąħ 15 Èȩ22-50 Šȫ
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ƋĠ:9 ÈȫéĠ:6 ÈȪ9øǬ%ǌȬ>InYiĐ¬ĪQJS[61]%24ȫ¬
ĪİĽ' 57. 9 
3 100 %¨ăȫ£ &ǏȤǄÃ¬!5"9ƢǡȬǏ
ȤǄ' MEG Ǜų&łŪȫï£ĠȫġÛ&ǫƭ% º¨$ǥņ9Áȫñ
Ȥ'ǏȤǄ&ŌȚ%25ÇĢ9Ě ǌ86ȬőñȤ'Ŕåî¹îȅp¹îƱƠƫ
ƦƆëÏ&÷ŗ9Áīǡ6 5ȩÁƏÄ 3951ȪȬ 
 
7. 2. 2. ¯Ÿ  
7. 2. 2. 1. ț  
   HLsyn9Ɖ ȫ5țĈØė%ÚF0ȩF0 = 100×2ȩn-1Ȫ/5 Hzȫn = 1-7; 100ȫ
115ȫ132ȫ152ȫ174ȫ200ȫ230 HzȪ
3$58ƪȢ&ǒÆț9ħȩįƻňȍ = 
450msȪȬ8ƪȢ&ǒÆț'66Ɛ$54&ǒÆț
3$5ț"ȥț&pitch set
%¨5"!5ȩF0 = 100×2ȩn-1Ȫ/5 Hz, lower pitch set: n = 1-4; 100, 115, 132, and 
152 Hz, higher pitch set: n = 11-14; 400, 459, 528, and 606 HzȪȬF0ã&țȜZieq
M'£ ƹrȩduration 350 ms, rise/fall = 10/150 ms, binaural presentation with the 
intensity of 80 dB SPLȪȩTable 1ȪȬ 
 
7. 2. 2. 2. ț©  
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   țȫ,'ȥț& pitch set 
3$5 2 ƪȢ& 728 ț©9¯ŸȍňȍȍȒ 50ms
!ħȩFigure 23ȪȬÅț&§ƄƢƃ' 2 ȇckE]ǼȊ%25ƹ®9Á5ȩ4
țx 1 ț: 80%ȫ 3 ț: 6. 67%ȪȩFigure 24ȪȬſð&ȄƨZMqnȔĶ5LP
Hhn&îǂ%ćŰ$2% 4 ƪȢ&ckE]ȄƨƢƃÔ966&ț©%
rĵƉȫĵƉłŪ'ǏȤǄȍ! counterbalance 9"Ȭ2 ƪȢ& 728 ț©
9Çț¯ŸȌêňȍ!Çň%ķƤȩFigure 23ȪȬ  
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Figure 23. ñȤRG=nȬ  
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Figure 24. ȄƨƢƃÔȬñƾ'ȥƢƃȫŹƾ'Ƣƃ&ȄƨƢƃ9ǍȬ¡ǌ 2ț©
 12ȫ,' 43&ȓ&ƢƃZMqn&-9Ǎ" ǜǴȬ 
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7. 2. 3. ñȤ_mSEk  
ǏȤǄ' 2 ƪȢ&LPHhn9ǌȬſð&ȄƨZMqnȔĶ5LPHhn&
îǂ%ćŰ$2%ȫ2 &LPHhn&ȞƏ'ǏȤǄȍ! counterbalance 9"
Ȭ 
 
7. 2. 3. 1. Single attention session 
   ǏȤǄ'ȫț©ȫ,'ȥț©&#3
%ŬĢ9É ȫ0Žł9Żǖ
52İƤ6ȬĵƉłŪ' counterbalance 9"ȬŬĢ4ț©!'ȫǏȤ
Ǆț©%ŬĢ9É5/%ȫ£ &ț©! 40 ț"% 0. 5 Ƨȍ&Żț¸ȍ9Ƒ
inNd%ǝȫŻț¸ȍ§Ƅň%ÃĪ9ı52İƤȬ 
   ț©ǅÀĘȫ30 & 8 ț©9ǅÀǅǗ5
&QJS9ǌȬ30
&ț©'ƑinNd%w*36 3 ƪȢ&ț©
3$5Ȭ30 & 10 'ȫ
ŬĢ$ț©&0&"Çƹ®%2 Ȅƨ50&!5ȩtone series IȪȬ«&
10 'ȫŬĢ4ț©&0&"Çƹ®%2 Ȅƨ50&!5ȩtone series 
AȪȬţ4 10 'ȫťțƑinNd%Ȅƨ50&!5ȩrandom tone seriesȪȬ
ǅǗ5"Ʈ²Æ% ȫShapiro-Wilk &şǕĠŘð%24 3 ƪȢ&ț
©&ȍ!r Ȇǁ¿ěųð¨ļ¨ŕ
 Friedman ¨ļ¨ŕ9ĵƉȫŏĢĂǡ/3
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6ÜÆȫBonferroni &Ǒş9Ɖ äȇŘð9ǌȬ£ &Řð!ŏĢŨŵ9 p = 
0. 05 %ǝðȬ 
 
7. 2. 3. 2. Dual attention session 
   ǏȤǄ'ȫț©"ȥț©&#30ŬĢ9É ǅÀ52İƤ6Ȭ
ǏȤǄ66&ț©%ŬĢ9É5/%ȫÅț©! 40 ț"% 0. 5 Ƨȍ&Ż
ț¸ȍ9ƑinNd%ǝȫȥț©&Żț¸ȍ§Ƅň%ÃĪ9ȫț©&Żț¸ȍ
§Ƅň%āĪ9ı52İƤȬ 
   ț©ǅÀĘȫ30 & 8 ț©9ǅÀǅǗ5
&QJS9ǌȬ30
&ț©'ƑinNd%w*36 3 ƪȢ&ț©
3$5Ȭ30 & 10 'ȫ
ȥț©&0&"Çƹ®%2 Ȅƨ50&!5ȩhigh-voice tone seriesȪȬ«
& 10 'ȫț©&0&"Çƹ®%2 Ȅƨ50&!5ȩlow-voice tone 
seriesȪȬţ410'ȫťțƑinNd%Ȅƨ50&!5ȩrandom tone seriesȪȬ
ǅǗ5"Ʈ²Æ% ȫShapiro-Wilk &şǕĠŘð%24 3 ƪȢ&ț
©&ȍ!r Ȇǁ¿ěųð¨ļ¨ŕ
 Friedman ¨ļ¨ŕ9ĵƉȫŏĢĂǡ/3
6ÜÆȫBonferroni &Ǒş9Ɖ äȇŘð9ǌȬ£ &Řð!ŏĢŨŵ9 p = 
0. 05 %ǝðȬ 
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7. 2. 4. ǈƣÜǛų  
   Ǜų'ñȤ 1 "ÇĪŪ9Ɖ ǌȬ 
 
7. 2. 5. RqMǙŕ  
   }áxȫrá&ț©!66ȥƢƃȄƨț,'ƢƃȄƨțÊ
,65źȫƢƃ&ƶ-Æ8!¨Ȣňȫ£ȅ! 4 ƪȢ& 2 Îțǃ365Ȭ1
ƚ'}áț©&vł"0ȥƢƃȄƨň& 2 Îțȫ2 ƚ'}áț©&vł"0
ƢƃȄƨň& 2 Îț!5Ȭ 3 ƚ'Žł&ț©'ȥƢƃȄƨȫ0
Žł&ț©ƢƃȄƨň& 2 Îțȫ4 ƚ' 3 ƚ"'ǹ&M=_&Ƣƃ&ƶ
-Æ8%25 2 Îț!5Ȭŋ%ȫÅț©! 4 ƪȢ&ț9Ɖ 5&!ȫȄƨƢ
ƃȩ80Ȩȫ6. 67ȨȪ"ÇňķƤ6 2 á&ƶ-Æ8'£ȅ! 16 ƪȢǃ365Ȭ 
   728 ťț©ǅÀx&ǈƣÜğƮ
3îǂµŖ9Į§5/%ȫťț©&±»
"Ę»!66ǈƣÜğƮ9´ƯĈØȬț©±»!'ȫț©&ōª
3 16 ƪ
Ȣ& 2 Îț"% 2 Ò´ƯĈØȩǛ 32 ÒȪȬț©Ę»!'ȫț©Ę»&ō
ª
3ȫÎț©±»"Çś&łŪ!´ƯĈØȬ&% 2 ƪȢ&ț©&vł9Ê
.£ťț&ǈƣÜğƮ9´ƯĈØȬmqZJ]<kM 40HzȫX=ZJ]<kM
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2Hz!ūĔ¦Ɔȫ¯Ÿ± 100 ms
3 0 ms9ǢƔƣÜğƮ&ūĔ&ĈØ"Ȭ
analysis window ' ¯ŸȌê 0 ms
3 500 ms"Ȭ£Îț&´ƯūĔ9Ɖ ȫ
Ƞȅ 66OgVkȩ44 gradiometers and 22 magnetometersȪ9øǬ" ȫgoodness of 
fit  80&%s&\qAŷň%	5 P1mȫN1mȫP2m&ECD9»ƅ"%ð/Ȭ
ā»ƅ"Ã»ƅ&6
! ECD & goodness of fit  80%t&ǏȤǄ'Ǚŕ
3
ȑãȬƸŖ" ǙŕøǬ"$Ľ'ȫP1m!' 12ÈȫN1m!' 5ÈȫP2m
!' 9È!ȬN1m" P2m!' goodness of fit  80%t&ǏȤǄäĽí×
/ȫN1m " P2m 'ǙŕøǬ
3ȑãȬP1m %	 ȫECD %Ú 32
Ò´ƯūĔ& source strength ūĔ9»ƅ"%ǛƯȬP1mȫN1m and P2m6
6& source strength ūĔ&\qAĲĆ"\qAŷň%øȫ2ȩȅ: ā & Ã»ƅȪ
× 4ȩț: }áț©&vł"0ȥƢƃȄƨň& 2 Îțȫ}áț©&vł"0Ƣ
ƃȄƨň& 2ÎțȫŽł&ț©'ȥƢƃȄƨȫ0Žł&ț©ƢƃȄƨ
ň& 2 Îțȫ 3 ƚ"'ǹ&M=_&Ƣƃ&ƶ-Æ8%25 2 ÎțȪ¿ěųð
¨ļ¨ŕȩANOVAȪ9Åț©&±»ȫĘ»66!ŃǌȬŏĢĂǡ/36
0&%ø Bonferroni&Ǒş9Ɖ äȇŘð9ǌȬ£ &Řð!ȫŏĢŨ
ŵ9 p = 0. 05 %ǝðȬ 
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7. 3. ƸŖ  
7. 3. 1. ǌ¶ñȤ  
   The Shapiro-Wilk &şǕĠŘð&ƸŖ%24ȫZieSjPAŘð9ĵƉ
ȩp > . 1ȪȬsingle attention session %	 ȫv T Řð&ƸŖ
3ȫŬĢ4ț©
"ŬĢ$ț©!ǅǗ5"Ʈ²Æ'OgnJl`k24ŏĢ%ȥ

ȩŬĢ4ț©: t[14] = 2. 74, p = . 016, ŬĢ$ț©: t[14] = 2. 74, p = . 016Ȫ
ȩFigure 25ȪȬ¨ļ¨ŕ%24ȫsingle attention session %	 yµŖŘ§6
ȩF[2, 28] = 5. 39, p = . 010ȪȬŬĢ4ț©'inNdț©"Ŧ* ǅǗ
5"Ʈ²ÆŏĢ%ȥ
ȩp = . 046ȪȬdual attention session %	 '

$5ŏĢĂ0ǡ/36$
Ȭ 
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Figure 25. single attention sessionȩaȪ " dual attention sessions ȩbȪ%	 ǅǗ
5"Ʈ²ÆȬ 
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7. 3. 2. ǈƣÜğƮ  
   £ &ǏȤǄ%	 ȫŬĢ4ț©%	5ÅŻț¸ȍ§Ƅň%ÃĪ9ı
 	4ȫț©%ŬĢ9É "9ƢǡȬP1m &\qAĲĆ"\qAŷň
9 Figure 26 %ƤȬ 
 
7. 3. 2. 1. Single-attention session 
   ț©±»%	 ȫP1m \qAĲĆ!»ƅ-ťțȍ%~Ɖǡ/36
ȩF[3, 33] = 3. 44, p = . 028ȪȬŬĢ4ț©ƢƃȄƨŬĢ$ț©ȥƢƃ
Ȅƨň& 2 Îț%	 ȫā»ƅ'Ã»ƅ24 P1m \qAĲĆŏĢ%å

ȩp = . 034ȪȩFigure 26 āsȫFirst halfȫƽȪȬț©Ę»%	 ȫP1m \qA
ĲĆȫŷň&vł!ťțȍ%yµŖǡ/36ȩamplitudes F[3, 33] = 5. 62, p = . 
0030; latencies F[3, 33] = 4. 52, p = . 0092ȪȬ}áț©&vł"0ƢƃȄƨň
& 2 Îț%ø5ǈƣÜğƮ P1mȩFigure 26 āsȫlast halfȫǯȪ'ȫŬĢ4ț©
'ȥƢƃȄƨŬĢ$ț©ƢƃȄƨň& 2 Îțȩp = . 010: Figure 26 āsȫ
last halfȫȦȪȫ}áț©&vł"0ȥƢƃȄƨň& 2 Îțȩp = . 0037: Figure 26 ā
sȫlast halfȫȘȪ%Ŧ* ȫĲĆŏĢ%ß´ȩFigure 27aȪȬŬĢ4ț©'
ƢƃȄƨŬĢ$ț©ȥƢƃȄƨň& 2 Îț%ø5ǈƣÜğƮ P1m
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ȩFigure 26 ātȫlast halfȫƽȪ'ȫŬĢ4ț©'ȥƢƃȄƨŬĢ$ț©
ƢƃȄƨň& 2 Îțȩp = . 042: Figure 26 ātȫlast halfȫȦȪȫ}áț©&vł
"0ȥƢƃȄƨň& 2 Îțȩp = . 042: Figure 26 ātȫlast halfȫȘȪ%Ŧ* ȫ
ŷňŏĢ%ȋ
ȩFigure 27bȪȬ 
   P1m \qAŷň!ȫ»ƅ-ťțȍ%~Ɖǡ/36ȩF[3, 33] = 3. 83, p = . 
019ȪȬŬĢ4ț©'ȥƢƃȄƨŬĢ$ț©ƢƃȄƨň& 2 Îț%	
 ȫā»ƅ'Ã»ƅ24 P1m \qAŷňŏĢ%Ɵ
ȩp = . 022: Figure 26 ā
tȫlast halfȫȦȪȬ%
$5ŏĢĂ0ǡ/36$
Ȭ 
 
7. 3. 2. 2. Dual-attention session 
   ț©±»%	 ȫP1m \qAĲĆ!»ƅȍ%yµŖǡ/36ȩF[1, 11] 
= 8. 65, p = . 013ȪȬā»ƅ'Ã»ƅ24 P1m \qAĲĆŏĢ%å
ȩp = . 
034: Figure 26 Ãsȫfirst halfȪȬ%
$5ŏĢĂ0ǡ/36$
Ȭ 
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Figure 26. ǅǗǢƔ P1mğƮ&ĈØȝŹĲĆ"ĈØȝŹŷňȩN = 12ȪȬsingle attention 
session: ǯ'}áț©&vł"0ƢƃȄƨň& 2Îțȫƽ'ŬĢ4ț©'
ƢƃȄƨŬĢ$ț©ȥƢƃȄƨň& 2ÎțȫȦ'ŬĢ4ț©'ȥƢƃȄ
ƨŬĢ$ț©ƢƃȄƨň& 2ÎțȫȘ'}áț©&vł"0ȥƢƃȄƨ
ň& 2Îț%ø5ǈƣÜğƮ9ǍȬdual attention session: ǯ'}áț©&v
ł"0ƢƃȄƨň& 2Îțȫƽ'ȥț©ƢƃȄƨț©ȥƢƃȄƨ
ň& 2ÎțȫȦ'ț©ȥƢƃȄƨȥț©ƢƃȄƨň& 2ÎțȫȘ'
}áț©&vł"0ȥƢƃȄƨň& 2Îț%ø5ǈƣÜğƮ9ǍȬ>iqY
q'ŜŵǤĂ9ƤȬ  
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Figure 27. single attention session&ț©Ę»%	5ǅǗǢƔ P1mğƮ&ĈØȝŹĲ
ĆȩaȪ"ĈØȝŹŷňȩbȪȩN = 12ȪȬTone 1: }áț©&vł"0ƢƃȄƨ
ň& 2ÎțȬTone 2: ŬĢ4ț©'ƢƃȄƨŬĢ$ț©ȥƢƃȄƨň
& 2ÎțȬTone 3: ŬĢ4ț©'ȥƢƃȄƨŬĢ$ț©ƢƃȄƨň&
2ÎțȬTone 4: }áț©&vł"0ȥƢƃȄƨň& 2Îț%ø5ǈƣÜğƮ
9ǍȬ>iqYq'ŜŵǤĂ9ƤȬ 
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7. 4. ǃö  
   őñȤ!'ȫ}á&ťț©&ÇňǅÀ%	5ȫŬĢ&Éł%25îǂµŖ
&Ȃ9ǈƣÜğƮ
3ŘǟȬ}áxȫrá&ț©!66ȥƢƃȄƨț
,'ƢƃȄƨțÊ,65źȫƢƃ&ƶ-Æ8!¨Ȣ6(ȫ£ȅ! 4
ƪȢ& 2 Îțǃ365Ȭ1 ƚ'}áț©&vł"0ȥƢƃȄƨň& 2 Îțȫ
2 ƚ'}áț©&vł"0ƢƃȄƨň& 2 Îț!5Ȭ 3 ƚ'Žł
&ț©'ȥƢƃȄƨȫ0Žł&ț©ƢƃȄƨň& 2 Îțȫ4 ƚ' 3 
ƚ"'ǹ&M=_&Ƣƃ&ƶ-Æ8%25 2 Îț!5Ȭ0ǏȤǄ}á&ț©
9ƹǛîǂ5"!6(ȫ4 ƪȢ& 2 Îț&x!}áț©&vł"0ȥƢƃȄ
ƨň& 2 Îț%ø5ǈƣÜğƮ&ĲĆ'ō0űýȫ}áț©&vł"0Ƣ
ƃȄƨň& 2 Îț%ø5ǈƣÜğƮ&ĲĆ'ō0ß´5'!5Ȭrłȫ
Žł&ț©'ȥƢƃȄƨȫ0Žł&ț©ƢƃȄƨň& 2 Îț%ø5ǈ
ƣÜğƮ&ĲĆß´'ȫƢƃȄƨț©&-&ƹǛîǂµŖ"ĳ5"§œ
5Ȭ 
   single attention session %	 ȫǏȤǄ'}áxȫ#3
rá&ț©%ŬĢ
9É0Žł9Żǖ52%Ĺį6Ȭ&ƸŖȫ}á&ț©&vł"0Ƣ
ƃȄƨň& 2 Îț%ø5ǈƣÜğƮ P1m 'ȫvł"0ȥƢƃȄƨň& 2
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Îț%ø5ǈƣÜğƮ P1m %Ŧ*ȫĲĆ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